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I % *t^  r, ^m 
tr9xmpor% throui^ Umrgmil^ »r#«i|>itate saatHmsy in this 
tti««ie« %h9 pfvpfurmtloB of A mai^tr of aMibir«nofi frott 
YorlOttt liisoltiblo iQorgtfiie eutetanooCf both parolsionl 
BupportoA and poljrstywno ba0«d» «ro doB<iril»e4« 'thm mm^ 
branoa bgve baen utUlaad* m Bioaalat to exasdna tha v a i l -
dity of TarlottS raeantly dairelopad thaoriaa of mambraiaa 
potantial and bilonio potantial baaa<l on tha prineiplaa of 
irvaTaralbla pvoe9&©9»* Tha thaeia has? hmn ar t i f i e ia l ly 
sapnTatad Into tvo parta. 
la Chapter I are Si^eriba*! th© praparatlon of polyo-
tyrana baoad atemnlo araanata and aiiie ptoei^iata saEabran^o; 
and pareh&aat eupportad oobalt and nlokal e i^roaiatat oi»prie 
orthophoaphata, aiareuria orthovanadata and »«iigattaaa atUi-
phida maabranaa* Manbirana potaatiala obaarvad a«Poae tha 
MOfttaranaa aaparatlag variotta 111 alaotroljrtaa at diffarmst 
ooneaatratioBa hava baan raeordad* fha data hanra baan u t i -
llaad in aeoordanoa with tha TaoralX and Bamfald pmaadnsra 
for tha avaluatioa of affaativa fixad ohMP«a danaitf of tha 
saabraaaa* Ilia aaabraaa potantiaX Taluaa* hava baan fittad 
ia tha aquatioaa f^r aaabraaa petantial dataluapad raaaatlj 
by Xobatake at al» and Kaca^ atMi at a l . to dariira •aviowi 
paractatara gonamiac tha aaiibraaa phaaaetana iaol«di»ir tha 
H 
ut i l i sed t o fixmiiMi thitlr Tallctlty. I t iraf» found that tho 
value© of tho cfeavfio (!on«itiee 6oriT««J fto© Altt«r*in% 
»9tlio€ll! ii@r« ooBpnralilo to thoeo obtained folloviai: tli* 
^n thtorjf* i:h«or«tloaX prodletioitfi of tli© tli«orl«0 of 
.•^t}atal(^ @t al* end llagas&va et aL« wore hartom out qitlt« 
natipfas*aeily by OUT ©xiMsrtseat®* I t has fe»eii oonclud©^, 
tJiureJ^ret thf?t tb« ree«nt3jr tiefV«lo|ii»d tlieorotioal ©quar 
t iane fire vaUa foi* the iryi?t«a «na tiiat the mothorta maj "be 
utiXiistS f03f tit€ evaltiatlon of uffactive fixad ohorga 
i^®riEit^ ol' tlic r^retem an-^ oi? tmreatiifrmtlan atxa oth^r puirti 
f*yf*timB* 
.V'iioni© ^rotfjntial© cl0valop««3 scroiie thr cf^ mlKTsriae 
f'aparatlHg tfio ©jleotrolytae of th© saia© oaneontrBtioa %ttr% 
oaleuXate^ usitig tbr- moet raeantly t'avaZopaa aquatlone for 
a l ae t r lo iJotaatiale bj floaaki a t al« aisa froai tha mambrana 
potant ia l Qaaauraaanta* 'She valuae •mr* plottad aa a 
fUnotion of !/C* Tha aicparixaantaXly datarminad valuaa yfr^ 
also pXottad in tha aa»a fit^ura. I t vaa fOoiia tliat tha 
93^,mtin^ntmllj ^latandnaA vaXuaa follov the thaoratioaX 
mirva; il l i t t l a tiarlation haa baaa attrlbatatS to varloua 
raaaoiMSt »oat notably to tba Intaraet ioa of loitle ai;»aoiaa 
ttlth tl3a jsaabraiiaa of lov flKad ohargia oapaaity* 
In Cliaptar II &Fti t encrlbad tha avaluation ©f dlffu-
3 
•ion rat» of •mrlous It l f 2t% •l«otr0lyt«0 for tbm mtamtv*-
isoat of rtofimm ptssPtasmtmru igcrraming diffaaloa phonoaomit 
ii«s«lar» stMitoaiw pot«iiti«l ]^ ff ••BbrwM vmiaitmLm B^ r aii€ 
tli« o«tioBiii pet«intiftl 1^ ^ ffto. Th« dlffuaiofi ratos of 
Cfitloitfi heve b»»n o&lfralaliod using the K«tt«ll>oro«i**8 
equation beirvd on the ainpl« Xeirs of «^ l@<r^ roXjrBis« Ibo 
diffUeioa rat« 0oqu«no« of eat ions throu^ tho tiiok«X 
Qhronatc aenbraito WSR a» K* > Ha* *> lA* and Ba** > Oa**^ 
Mg'*'*" iHiielit on the bastie of RiuerKtan-t'herry mQ&el of 
»0ttlirane selaotlvity point t^ v^arde the maall deneitr of 
oliar^ ISHf^ upss attacl.ed to the ®eirbraRf» matrix, Thia vmr 
in fu l l a^eeement witis our re«rult» of dmrge ienfr-ity slater-
minatione. 
Diffusion rut 9 of eat ions vere also evaluated at 
different t«b|>eraturee* flie data vere ueed in aeooi^anoe 
irith the Arrheaiue type of plot to derlire ener^ gsr of ae t i -
vatioa* Abeolate reaetioa rate theory vae applied to 
derive varloue thensedyneiaie pareeaetere lilce AWt ^•^'r% 
and i^w^ It was intereeting to note that ^ w tor the 
neiihrane end Tarione eleetrolyte pair* vera negative and 
that i t increaeed with inereaee in the valenee of the 
difftteing ion* It hae been ooaeliided that the ion^ are 
diffusing through the poree with the partial iaoKibilixation 
in the menbi^ vne phase* 
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l i t 
4. StlKlUET 
Xh« Btuai«e of airtifleial BiemlsrazitfO eeparating 
different eXeotroIyte eolutlons, during the last tiro 
deoadeSf have received intensive attention by investigators 
from different disciplines• Tlie main objective of the 
studies have been to understand the medbianism of transport 
80 that with the Icnovledge so gained it vould be possible 
to fabricate membranes of any desired property or properties* 
The technological developments of artificial membranes are 
continually uncovering new ways to replace decaying or dead 
biological membranes. The cooperative efforts of chemists, 
chemical engineers and biologists to produce artificial 
kidney is atleast one mxdtk eucoees. There are several areas 
of membrane research idiioh have potentially far-reaching 
consequences to medicine and chemical industry. ¥ork in 
this field is contributing significantly to the economic 
prosperity and physical veil being of all mankind. %ere 
are several excellent books dealing vlth transport phenomena 
in natural membranes but there are none dealing exclusively 
vith artifieial membranes - a topic vhose literature is 
enormous but frequently not coherent* 
The common ion exchange membranes having an organic 
matrix are largely employed in several technological pro-
2 
IMmltrntioim Au* to tlitir iastalilUty towurAa t«Bp«ratiuM, 
loaisise rftdi»tlei»» at oxidising agoati oouid b« ofoveoat* 
Owing to thooo livitfttioao orgonie ion ozohango moMtoanos 
oonnot te auitnl>2y utod in the faol ooilSf In tho nuoloajr 
t«elmoiog3r» in tho oiootrodioiyoio at high toapovatmro and 
in aoToraX proooaaoa t^ro atrong oxidising eolntions ara 
oaplo^d* Sha ahoira liaitationa hanra baan eonaidarad dua 
to tho orgaaie natura of tho aetiTa poiymara uaad and thara* 
fora tha aisplaat mannar to avoid thorn was to rapiaoa orgs* 
nio fiatvix irith inorganic ona* SaooAeaiToijr inorganio mas*-
hranaa hanra baan intenaiToisr etudiad in eono laboratorioa and 
oonaidairable laprovaaanta imv% mada aapaoiallr in tha pro* 
oaduraa of thair praparationa (1-18). At praaant inorganio 
ion axQhanga nanbranaa ara known for thair potantial anpiojrw 
nant aa ion aaXaetifa alaetroda (t9)t o* aoXid aXeotrol^aa 
for aolid atata aXaotroeh«Biatrj (20)» aa »anbri»aa for 
hjparfiXtaration and alaetrodiaijptie daaaiination of brakiah 
watar (21-29), aa nodaia for thaaratioal atndiaa (24«94} 
and in aawaral othor taohnoiogioai proaaaaaa* 
91ia iitaratura in book lOm daaoribing naabrana 
tachaoloijr and appliaationa ia far too axtaaaiwa to nantioa* 
Sha prineipal irolvaa oontaining aignifiaant eaationa on, 
or totaiXy davotad to nanbrana aXtatroahaniatrir ara bgr 
3 
Clark» and Naehmeneoim (33) t HcXfftrloh (36)» Spiegler (37* 
38), Itertan (39) > HarinslEy (40)f St«i& (4t)» colt (42), 
Laksimiaarayttii&iftli (19f43»44)» Hopo (45)» HFn&t and Roper 
(46), Flonaey (47) , Xbtyk anfl Janaeek (46), Keller (49) t 
Parlin end Byring (50)* Caplan and Hlkaleeky (51) • Sandblom 
and Oroe (52), Earria (55)t Schlogl (54)» Blttar (55)» Kirto-
vood (56) and others* Continuing series are edited by 
Ebtylc and J^ anaoelc (46), Biaenman (57)» Baniel l i , Rosenberg 
and Oadenhead (56). Applications of membrane eleotro-> 
chemistry to yield activity sensing electrodes are amply 
described, in books edited tsy lisenman (59) and Burst (60). 
numerous recent volumes are concerned, in part> with mem« 
brane electrochemistry (61-66). Hovever, this field has 
produced such a variety of neir measuring devices and has 
opened so many analytical poss ib i l i t i e s , that i t i s very 
l ikely the additional volumes ivill soon appear* 
A phase that separates tvo other phases to prevent 
mass movement betve«i them but alloirs passage vith various 
degrees of restrictions of one or several species of the 
external phases may be defined as a membrane. Hoirever, 
a complete definition given to cover a l l the facets of 
membrane behaviour wi l l be incomplete (35) • According to 
SoUner (69>70), "a membrane i s a phase or structure inter-
posed betireen tvo phases or compartments ^diich obstructs or 
oompletttly prevvnts grosa mails mo-wmttnt betveen the latter* 
Imt pemit paeeagttf vith •arloue degrees of restrictionsi 
of one or several epeeies of partieles from one to the 
other or hetveen the tvo phases or oompartmentst end vhioh 
thereby aoting as a physiooohemioal machine transform vlth 
various degrees of effleienoy according to i t s nature and 
composition of the two adjacent phases or compartments.** 
Xn single terms i t i s described eB a phase, usually hetero-
geneous» aoting as a barrier to the flow of molecular and 
ionic species present in the liquid and/or irapourB contact* 
ing the tvo surfaces (7t} . 
Kembranes may be solid» liquid, or gas (36) end the 
outer phases are usually liquid or solid* l^mbranes are 
usually thin in one dimension relative to the other tvo 
dimensions. This property i s only functional or operational. 
In order to achieve a measurable diemdcal Change or electro-
chemical effect and to make chemical or eleets^cihemioal 
measurements on a membrane system in a reasonable timet 
some transport related property must be susceptible to 
temporal change, (Thus a change in potential, flux, or 
concentration (among many varying and measurable quantities) 
requires membrane thickness d such that d /2D i s comparable 
vith the observation time (D i s mean diffusion coefficient) . 
Although irregularly shaped membranes are conceivable, most 
r; 
th«ori«B and experiments are reatrloted to BjrsteBUi vlth 
otte-dlnenaioaal or spherloal ayametry such that transport 
oecara in one direction «• the X direction in parallel face 
and planar meabranea, and along a radius in meabranes vith 
spherical shape (56)« 
Depending upon the extent of solvent penetration* 
meiBbranes are considered to be porous or non-porous. At 
the nonporous extreme are membranes whic^ are nonionio and 
contain negligible transportable species at equilibrium. 
Ceramics, quarts:» anthracene crystals» and teflon films 
between metal electrodes or electrolyte "bathing so lut ion 
are solid membrane examples. Organic liquid films such as 
hydrocarbons and fluorocarbons in contact vith aqueous 
electrolytes are liquid membrane examples. At Ute other 
extreme are porous membranes ir vhii^ can be solirated and 
v l l l contain components from the outer phases. Among these 
are nonionio films such as cellophane, inorganic ge ls , and 
loosely oompresaed povders in contact iri'tti aqueous solutions. 
These materials absorb solrent from the surrounding media 
and may alao extract other neutral molecules and ionic 
sa l t s . More videly studied are the membranes of poly-
electrolytes, aqueous immiscible organic liquid electrolytes 
(96*71)» Tarious parchment supported inorganic precipitates 
(24i34»72-76), solid ion conducting electrolytes including 
si lver halides, rare earth fluorides, and alkali s i l icate 
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and «3)mi]io-8ilioate gla^sts (59t60»77)« AH these 
material* eontaia lonlo or lonlsable group vlthin the 
mfimTsraxMm vhioh ara eapahle of tranaport imder AttftxBiv* 
or eleotrio f ie ld foroes. In addition* these materials 
possess the property of porosity. Polyeleotrolytes tend 
to sifsll rapidly lay osmotio pressors driven uptake of 
solvent* Zdquid ion exchangers are surprisingly slow to 
taJto up i?ater, i^hile the inorganio salts have no tendency 
to hydrate* Glass membranes are complicated hy Binultaneous 
hydrolysis of the polyeleotrolytes during uptake of water 
(78«^0). 
Depending on the dielectric constant and solvent 
penetration, s i t e s are partially* or even completely ionized. 
An important characteristic of electrolyte membrane i s the 
presence of charge s i tes (36»d1*62}. Xf ionic groups are 
fixed in membrane taM -SOl and •CKK)*' attached to cation 
exidiange resin» the membrane i s considered to possess fixed 
sites* even i f protons or metal ions are eovalently bonded 
to the s i t e s . In glasses the fixed s i tes are -SiO" and 
-AlO"' groups* while in anion exchange resin mratbranes these 
are -H . On the other hand* liquid ion exchangers which 
are water immiscible, suc^ as diestere of phosphoric acid* 
can be viewed as mobile s i te membranes. The acid i s 
trapped in the organic phase* while the protons and/or 
other cations can move in and out of the membrane, the 
7 
phoephonftte oamiot* M«mbran«8 without ionisable £proupB 
contain no charge sites, fhe cellulose triacetate» vliich 
is initially site free, eoon develops negatiTe sites ligr 
hydrolysis and oxidation on exposure to aqueous solutions* 
5ehe frequent use of "charged" and "uncharged*' in the 
membrane literatiwe is usually unsound eleetrostatio8illy» 
hut does provide an intutive chemical description. For 
example» "charged" membranes usually refer to electrolyte 
membranes such as solid and liquid ion exchangers vhere the 
fixed and mobile sites are the "charges"* Actually^ these 
membranes are quasi-eleotrochemical in their bulk trhen the 
thickness is large compared vith the Debye thicknesses at 
each interface* In the literature, "uncharged" membranes 
are those, lXk» cellophane, vlth no fixed charges, 'Shis 
frequently used literature definition provides no place for 
lipid bilayer membranes, vhioh are electrostatically neutral 
only in the absence of charge carriers and in the absence 
of bathing solutions iri>iose salts possess preferential 
solubility of anion over cation or vice versa, but are 
usually electrostatically charged hy an excess of ioxui of 
one sign in normal operation* Ihiok hydrocarbon membranes 
and membranes of diphenyl ether (or derivates), phthalate, 
and sebacate esters are generally neutral in the presence 
of most bathing electrolytes» but may be charged electro-
statically, depending on thickaess, in the presence of 
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nttttrai earrltr 0poei«s ulii^ prtf«r«iitl«aJL;r eoaabilis* 
lofts of dii9 0i0i* InoTgmtt pr«elpitat« Kistoaiws sr« 
ooiuiid«r0d to po88«08 iitg«tiT«lj idwrgad «)i&«li reT^rstn 
vlMB tlMM ar* igapoaglit ia oontaet vlth 2tt» 9i1 •leetro-
2jrt«B dit« to tho adoorptioa of eatioiis. fh» ueo of th« 
torn **oharged" and u^Aoharised'* to dosorilM oXootvolyto or 
aoaaXeetrolyto nenbranao hais boon dlaoouraged tmXaee tha 
preoiee oleetvoetatio oozmotatloa ia iirrolrad (69)« 
HtBtiyiiia* may ba breadlj eIai»si£Lad Into natural and 
artifloiaX* Satural maal^ ranaa ara olaefliflad to posetsa a 
fuzidanantal unit aaslnrana stxiietura idadLeh i s a blmolaoalar 
leaflet of lipid with their polar groups oriented tovarda 
tfaa two aaueouB phaaea of the oellt and protein ia auppoaed 
to exiat oloae to the polar heads of the leaflet. 3hia 
type of the oniTereal atruoture ia aheent in artifieial 
neshranea, ^akahninaragranaiah (45) haa given a elasaifi-
eat ion of artifieial seKtoanea trader the head at (A) Opera-
tionally uaelUl BaBhraneat ( i) HoBegeaeona meBhranea and 
( i i ) Heterogeaeoua neBhranea iriiiah are anbdiTided into 
(a) aoB^reinfdraed BOBhraneay (h) fabrio baoked or reinforeed 
meBbraneat (a) BeBbranea formed by eheaieal treatment of 
other filaa or BeBbranea, (d) BeBbranea fomed by the 
Boehanieal treatBont of the Beabrane foradng BonoBera or 
polysera and (e) BeBbranea fomed by photoehoBioal treat-
ment f (B) nenbranea to aerre aa modela to Biaie the proper-
n 
ties of natural nembranast and (0) Composita and othar 
apaelaX mambranaa. Raeantly* Biaanman at &!• (83) hava 
alao glvan a olaaeifioatlon of artlfiolaX mambranaa baead 
on thair atruoturaa. 
A oharaotaristlo property of ohemioalJy inert mem-
brane is their ability to affect the trenaport of material 
from one aide to another* Consequently* the thrust of 
theoretical description has been the interpretation or 
explanation of transport processes and the measttred effects 
resulting from pressure differences» temperature differences, 
activity differences, potential differences across membranes 
and current through membranes. The subject of transport 
tbrou£^ chared and uncharged membrane is difficult one, in 
irhidbi the literature is extensive and frequently not 
coherent, k number of theoretical approadies from comp-
letely different ooiuiiderations to the study of membrane 
behaviour have been forwarded. These are roughly catagorised, 
according to Sohlogl (64-86} into the three groups. 
Group one considers the membrane as a surface of 
discontinuity setting up different resistances to the 
passage of the various molecular or ionic species (87f88). 
The driving forces are the differences of the general 
chemical potential between the two outer media (difference 
of preaaure or electrical chemical potential are included 
0 
ia %h9 fB^^MOPtX eh«alo«l potential)* Qromjf tvo ooiuiidi«rs 
iih9 a«ito«ii«« «• ft tiM«l-lioaoe«ii«ou* iikt«nft«4ifttt phftsc of 
thiokatta In vhioh th« lo««I gradleiits of tho gtaoroJl oli^i-
ooX pototttial aot ao drlrias foveo (81182» 89*93) • Ooirroe-
tioA Bogr also ooatributo to partiolo tranoport vithla tho 
aoM^ano* Oroap tluroo ooaaldovs tho tt«atoaao aa a aoiPlea 
of potaatial aaargsr barrlora lyiag one bthiad tha oth«r» 
tlma foraiagt in eoatvast to gvoap tvOf aa iahoaogaaaoaa 
latamadittfca phaoa (94*96) • ia irragaaar apatial lattiea 
l0 foxmad dua to tha hii^ar probability of fiadiag tha 
partioia ia tha poeitioaa batwaaa tha aotivatioa thraahoide* 
Warn driTiag foroaa ariaa from tha difforeaoaa batvaaa tha 
traaaitioa probabilitiaa ia oppoeita diraetioaa parpaadi* 
eoXar to tha aaabraaa. 
Qiia groapiag attaai^ta to elaaaify tha Tarioaa 
mathanatieaX appa^aohaa» aooordiag to tha idaal nodala 
oa vhieh thay ara baaad* It ia ia faet too oehaaatia» aa 
aaay thaoriaa oeoapy iatamadiata poaitioa* Vo mthor ia 
Xikaly to taka tha viair that oaa of thaaa tvaataaata ia 
ri i^t and tha othava vroag. fha Tarioao daaoriptioa* 
aupplaaaat aaah othavt and dapaadiag oa tha ayotaa aadar 
eoaaidaratioa» oaa of tha thyaa vilX proTa tha moat eait-
abXa* It aay ba ahova for axaaplo* that whaa tha aaabar 
of aatiTatioa thraaholda baaoaa ^aiy largat aad tha diataaaa 
batvaaa tha lattioa poiata ouffioiaatlj aaall thaa groap 
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tvo a M tbre« m«rg« Into each oth«r. A transition la also 
foiuid betvaen group one and tvo (84-86). 
TMllka group threat group one and tvo can be claeai-* 
fled in the general scheme of irreyerelble thermodynamlea. 
In group one ae veil as in group tvo linear i^elationshipa 
are aeeiamed hetveen the particle flaxes and the driving 
foroe8« Oving to the different characters of the driving 
forces? group one is treated according to the method of 
"discontinuous systems", and group tvo according to that 
"continuous system". An integration in group tvo across 
the membrane does not es a rule yield a linear relationship 
betveen the fluac end a general chemical potential differ-
ences. Only for sufficiently small differences does group 
tvo merge into group one after integration. In a sense 
group tvo is more general than group one. Group tvo is, 
hovever, inferior to group one in that a number of ideali-
sation must be assumed before an explicit integration can 
be affsoted. Klrkvood i36) finds a correlation betveen 
group one and tvo. His initial flux equation differs from 
that normally used in the treatment of "continuous system" 
in irreversible thermodynamics. This treatment of Kirkvood 
have been developed and modified by Sehlogl. On a broad 
basis, it may be said that the theories of group one are 
based on the ideas of classical thermodynamics or quasi-
12 
thermodynamioa vhloh i s reatrioted to l8oth«naal eyettms* 
The theories of group tvo apart from being more rigorous 
and real i s t io alloir a better description cu3d understanding 
of transport phenomena in membranes and are useful in 
dealing with non-isothermal systoms, ^ e theories of group 
three provide a general and unified vieir applicable to 
systems of different degrees of oomplexitjr* Kany of the 
theories based on the Semst-Planok flax equation are placed 
in group one irtiereas those dealing with principle of Inrever-
s ib le thermodynamics and the theory of abeolate reaction 
rates are placed in groups two and throe, respeotitrelly. 
(The theories of group one have the advantage of being 
relatively Bimple, £^r ion exchange membranes» however, 
they are often inadequate. ISbeee theories deal c^ef ly with 
the processes oocuring within the memlnrane. For such a 
purpose the theories of group two are proper choice* 
The most important theories of group two are based 
either on quasi-therraodynamios or on thermodynamics of 
irreversible prooesees. The fundamental difference lM»tween 
the two approaches are summarised belows 
Quasi-thermodynamies i s not interested in particle 
fluxes. One might say that the quasi^thermodynamio approach 
consists in taking a snapshot of the system and calculating 
the emf from the changes irtileh a reversible e lectr ic current 
1 '^ 
vottXd produoe in the Bjf&tem i f i t vere "loosen** in the 
state in lAxtcih the photographic picture was ta}i»tt. ^Sat9 
procedure gi^ee directly the e&f of the ce l l . Ho model, i s 
needed. Taldng the snapshot # hoveirer» ie often not as 
simple 80 i t may seem. A rigorous treatment irould require 
the knowledge of the composition of every differential 
layer of the diffusion zone (i .e«» the concentration pro-
f i l e s of a l l species). Since obtaining this information 
experimentally ie usually too len^hy a task or even quite 
iffiposBihle, the quasi-theraodynamic trealaaent i s forced to 
makB assumption about the condition of the system. 
The theri!K>dynamios of irreversible processes (97) 
in contrast to quasi-thexmodynaisicst does not require prior 
knowledge of the concentration profiles. 7!he set of equa-
tions of thermodynami<^ of irreversible procesewa inter-
relates a l l oceuring "fluxes** (of species e lectr ic ourrentt 
heat etc . ) and "driving forces" (gradients of chemical 
potential, e lectric potential* temperature, e t c . ) . I^ 'om 
measurements of sufficient number of "phenomenological 
coefficients*', a l l fluxes and forces and hence also the 
emf can be calculated vithout knowledge of the profiles 
and without using the concept of "reversible energy pro-
duction" on which quasi-theroHidynamics i s based. Further-
more, the thermodynanies of irreversible processes i s 
applicable also to nonisothermal systems and includes 
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oottpling of fluxes vhloh I0 not oorered by qa88i<-th«rao* 
dynanios. I t may be meationed here that the dleoipline 
of irreyereible theraodynaBiloB proTldes a precise mathe-
matioal desorlptlon of the prooeeses ot transport and 
diffusion in membrane eyetems. I t s application to membrane 
processes i s a natural development of the basic theory of 
Onsaser (93) and has been detreloped subsequently by ^taver* 
men (87)# Eedem (99)» Eatehalsky (97)* Oaplan (5t)» Btoars 
( too) , Spiegler (37,38), Raetogi (tOI-103), Patereon and 
others (104-106) in an extensive and expanding literature. 
Apart from various theoretical concepts used in 
investigation of membrane systems, one of the most important 
approach in membrane studies i s the application of electro-
chemical principles. Electrochemistry in membrane studies 
i s pertinent at three levels (20). One i s the development 
of techniques vith application to experimental phenomenology 
including eurrent-voltage-time-ooncentration behaviour. A 
second i s mathematical modelling implied by experiment and 
tested against experiment. She third level i s experimental 
verification of models in terms of the molecular processes 
and properties and includes determination of theoretical 
parameters by e lectr ical methods and by complementry non-
electrochemical methods} Physical, optical, nmr, Eaman, 
fluorescence, etc. From transient and steady state measure-
ment of current or membrane potential as a function of 
15 
ohemioaX coiapOBltlo&» ohemloal treatment, aad temperature« 
the rolee of klnetlo and equilibrium pareaaetere ean be 
deduced or Inferred. A possible approach to modelling 
begins vith the CUB sumption of the membrane as a linear 
system to vhioh lavs of network theory can be applied. 
Another begins by eolation of basic eleotrodiffusion lavs 
of transport vith equilibrium or kinetic boundary conditions 
in order to deduce forms for system function which satisfy 
the data. In addition to these treatments« due to the 
complexity of membrane structure and their function, various 
mathematically rigorous equations based on numerous theorem 
tioal descriptions have been derived, fhe diversity in 
theoretical forms for transport phenomena, which results 
from simplification made b? various authors is a partioular 
hasard to workers in this field. 
The success attending any unit operation in idiioh 
membranes form an integral part, such as demineralization 
by electrolysis, salt filteration br application of pressure, 
etc. depends on the availability of suitable membranes, the 
suitability of membranes for any particular operation is 
determined by a number of factors. A very important require-
ment is that the membrane should be chemically stable i^en 
ilmmersed in salt solutions of various pH and in salt solu-
tions containing organic solvents or oxidising agents and 
should never become folded by surface active agents or 
IG 
det«rgent0 likely to be present In solution to be employed 
vith membranes. Besides this chemical stability* it should 
hare some met^anieal strength and lov electrical resistance* 
In addition, the membrane should have good dimensional 
stability under different vetting conditions, Sufficient 
membrane flexibility is another property vhich enhances 
membrane suit ability t as it facilitates easier handling 
vithout breakage during any operation. Other desirable 
properties vhidh a membrane may hairs to become of practical 
importance aret (a) high ionic selectirity even in high 
salt environment* (b) lov salt diffusion in a membrane con-
centration cell, and (o) lov eleotroosmotic water transport* 
To "tailor make" a membrane satisfying the above 
oharacterlatics, considerable attention has been paid, in 
recent years, to the develoimient of membranes with parti* 
eular and specific properties. A variety of compounds end 
processes have been employed to prepare them. Xhe basic 
material and the chemical processes involved are summarised 
in a few books and revieve articles. Wagner and Moore (107) 
have contributed a section on osmotic membranes. There are 
tiro chapters, one on cellulose membranes and the other one 
on synthetic resin membranes, in the book by fuviner (108). 
Short introduction on the preparation of ion exchange mem« 
branes have been tiritten by Kitohener (109)* Eunin (110), 
3plegl«r (111)* Lakshminarayottftlah (59*40) and othore (45* 
55) • Similarly there are a eeotioa and two chapters in the 
hooks hy Helfferioh (56) end Wilson (112)* respectively. 
In the recent reriev articles* Bergsma axA Kruiasink (115)* 
Hazenherg (114) and Krishniusvamy (115) hsrre included the 
patent literatiare on the preparation of ion exchange mem-
hranes a few hundred micron thick* irhereas Camell and 
Caeeidy (116) provide correlated information about the pre-
paration of thick and thin ion-exchange and non-ion exchange 
memhranes from various materials. Recent3y* two more revieirs 
(117*118) hare appeared, Keller (49) has given a complete 
l i s t of patents upto 1978 of the memhranes used in desali-
nation. 
In on attempt to fal»^icate membranes of (^rtain 
specifications for specific purposes a number of membranes 
(composite and is^regnated) * in this laboratory have been 
prepared from various polymeric substances and inorganic 
ion exchangers* and uti l ised as ion sensors,as models for 
biological and theoretical studies (24-54). Such membranes 
have been accomplished by various investigators* in recent 
years, and used as a model to follow the transport of 
various materials across l ipid membranes (119) and uti l ised 
as ion selective electrodes (60). 
In this thesis* the preparation of a number of 
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inorgetnie Ion exchange mem1>ran«s (both parchment supported 
and polystTTene hased) are deeorlbed. fhe membranes haye 
been u t i l i s ed as models for the eKamination of the va l id i ty 
of recently developed equations for renbrane potent ia l and 
bilonio potent ia l baeed on the thermodynamiee of i r rever -
s ib le proce0ie»>8 and B2MO for the investigation of the 
meehaniooaa of ion traneport t h r o u ^ charged membranes, fhe 
thes is has "been a3ci;ifielally separated into two par t s , 
a l t h o u ^ certain amount of overlap has oocured* !^ is tjrpe 
of overlap ie permitted as helps in the elucidation of the 
topic under discussion. 
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CHAPfER I 
KBMBRAHB POTBHglAl. AHD BIIOHIC POTBUmAl. 
The extenslTe literature prior to 1962 on membrime 
potentials, current-roltage ourvee and conductivities of 
fixed Bite synthetic ion exchanger membranes has been 
admirably presented by Helfferieh (1) . Closely related 
tes ts of theory involving measurements of usual ion fluxes 
under se l f diffusion* isotopic tracer condition and inter-
diffusion of tvo different ions from external bathing solu-
tions are referenced and the essential studies of Scatchard 
(2 ) , Kbbatake (3»4)» Heares (5 ,6 ) , Sohlogl (7 ) , Spiegler 
(8 ) , Schmid (9) and that of the pioneers. So l iner (10,11), 
(Teorell (12) Keyer (13)t Harshall (14,15) are fully 
explained. In addition, total salt diffusion, limited by 
transport of coions and solvent transport have also been 
included* Recent literature upto 1974 az^  summarized by 
Riando (16), Lakshminarayanaiah (17-19) and Buck (20,21)• 
Specific studies of membrane potentials include 
concentration potentials vhere a single salt i s present at 
different act iv i t ies on either side; biionio potentials 
vhere two different salts are present, one salt on each 
side; and multi-ionic potentials niiere two or more salts 
are present on each side. Studies vhiolx are of importance 
f\ -9 
to thooretlcaX bssle of fix«d s l t t acnlxraiie transport Toriiy 
tho portiirl>atio& of intomal ion eottoentratioii profllos \ff 
eorroutt dtaoaetrato tho Talidlty of tho Ieriif!t-SSAetei& 
oquatioA rol&ting diffusion ooofflelont and mobility» vmriff 
the uflO of transforonot nualiora In tho dorivatlon of mean* 
Ijrano potential theory for alni^lo salt transport lay ooiiparl* 
son vith dlrsetSy determined transferenee T&laeey and 
demonstrate the film dlffoslon limltatloa of eurrent. In 
reoent years | a niiml»er of theoretleal etuations for membrane 
potential end blloalo potentlalt haeed on the fixed eharge 
theory* existing aorose s (^arijed memhrane hccre heea derlTOd. 
fhe equations have heen modified t examined for their Tali-
dlty and utilised in the most simplified manner for the 
determination of effeetlve fixed «liar«e density of moBhranee* 
In this chapter the preparation of parehment 
supported nlolcel ehromatet oohalt Olaromatet cmprle ortho-
phosphate» merourie orthoraaiadAle, maffisanese sulphide mem« 
hranes} and polystyrene based sine phos^ate and etaanis 
arsenate membranes are dessribed. Membrane potential and 
blionle potential measurements using Tarious Itt eleetre-
lytes at different eeneentratlons hanre beem esrrled out for 
the eTaluati^A of effeotlve fixed Oharge density* idi i^ i s 
eonsidsred as the most Important parweter goTernimc the 
membrane phenomena* using the widely aeeepted end generally 
used theory of feerell-4feyer end SisTors and the most 
reetatly deT^loped tli*orl9a of Sobatalw et al,» Sagassim at 
aX. aoA Toyoahitta at al* basad on tha thaxstodynanles of 
ixraTirsibla proeaoaaa* !l%a tfaaorlea h^ra aXao bten ascemlnadl 
for their Talldiity to the ey^on vndar Imreetigatioa* 
PBEF^ HAflOy Of gARCHMEMf SOFPOagSD HBHBRAIBS 
l>aroh»aiit aapportad eohalt ohromatat aiokel ehromatat 
maoganoea aalphlda^ maroorlo orthovaaadata and eaprlo ortho-
phoaphata mamhranaa irara praparad by tha mathod of inter* 
action aoggoatad ts^ r Bag and eovorkara (22*30} • fha maia^  
hranas \mv praparad Yxy Impregnating parctoant paper vith 
gal. UTo praolpitata oobaXt ohromata in the intarstieea of 
parahaant paper a 0«2Fi solution of oohalt chloride was 
placed inside the glaea tulie to one end of lAiloh was tied 
vith parohaent paper (supplied by K/8 Baired Tatlock, 
LondOB ]<kd.)« The tube vas suspaaded for 72 hours in a 
0*211 solutioa of potaasliui ehroaate* Tha tuc solutions 
ifrm iatarohanged latar aad kept for another 72 hr« She 
aeabraaa was taken out aad vaehad irith daioaised vatar to 
rasoira free eleetrolytea. Siailar procedure was adopted 
for tha preparation of aiekal ehrttaata» aaagaaesa aulphidat 
aaraoria orthSTaaadata and eapria ortho^oaphate aaabranaa 













Kanganese (diXorldSi Potassltw sulphide 
Meroorle ohlorlda { Sodium orthovaziar* 
\ date 
Cuprlo chloride { Trleodlum ortho-
; phosphate 
J 
PRBPARAIfXOg OF POLYSTtRBNE BASED KEKBRimBS 
Polystyrene based slno phosphate azid stannlo arse-
nate membranes vere prepared by the method based on tJ.S. 
Patent Ho* 2614> 976 (18)* The zlno phosphate and stannic 
arsenate precipitates iiere prepared by mixing 0*2H solutions 
of sslno chloride and trlsodlum orthophosphate; and stannic 
chloride and sodium arsenate, respectively* The preolpl*-
tates were digested and loitered using suction pump, 
dried and missed with finely divided polystyrene In various 
proportions* The mixture ims then transfered to a die 
fitted vlth automatic temperature and pressure control. 
lOie optleum proportion, <»ondltlone of temperature and 
pressure for the preparation of the tvo membranes vlth 
suitable mechanical strength and Ion exchange property are 
given as under t 
34 
Htabranos Tamperature FrosoarD ^ t»f polystyrene 
2ino phosphate 90*0 11»000 pel 25^ 
Stennio sreenate iZO^Q 11»000 pel 23^ 
She nemhranes ooAtaiaing larger anount of binder &1& not 
give repztiduoible resul ts vh i le those containing 3^seer 
anusunt were unstable* 
WEASURBWBHT OF MEMBRAHB POfMTIAL 
The potent ials developed by s e t t ing up a concentra-
t ion ©en of the type 
SCB { Solution I Heabrane 
I 1 
I W4 I 
Solution I SOS 
c * 
^2 I 
described by Hlohaells (31r?2) and others {33»3A) vas 
measured. The cel l potential vm^ talcen as a measure of 
meatxrane potential. !I!he saturated calomel electrodes irere 
connected to the solatlon via x:oi agar bridges* fiw eoa-
oentratlon ratio Cg/C^ was kept equal to ten throui^ut 
the experiment. Only the solutions of chlorides of sodlumt 
potassium and lithium were used in the membrane potential 
measurements. 
35: 
The bl~ionie potentials (BXP) irere detexmined by 
setting up another eelX of the type 
SCI Solution j Hemhrane j Solution 
A? } J BP 
SOB 
I i 
and taking same ooneentration of the two electrolyte solu-
tions, (dilorides of lithiuBy sodium and pota^fsium)* The 
potentials (both nembrane potential and biionio potentials) 
were monitored by a Pye precision potentiometer No. 7568 and 
using a irater theziaostat maintained at 23° C. The various 
salt eolUitions irere prepared j^om analytical graSe chemi-
cals and deionieed water* The solutions in both the half 
cells trere Tigorously stirred by a pair of magnetic 
stirrers* 
|?;SQlTSS|pi 
The values of membrane potential* ^ i^» measured 
across parchment supported cK>balt ohromatet nickel ehr^nate* 
manganese sulphide* merourio orthovanadate and oaprie 
orthophosphate and polyst^rrene based sine phosphate and 
stannic arsenate membranes separating different oonoentrai-
tions of tsl eleotrolyteB (chlorides of potassium* sodium* 
lithium and ammonium) are given in Tables 1*1-1*7 and also 
depicted in Figs. i,i«i.4 as a function of ooneentration* 
3G 
TABIiB 1,1 
THB VAICJES OP ELECTRICAL POTEHTIALS (mV) OBSERVED ACROSS 
















































fABLB 1 . 2 
THE VALOBS OF BLBCTRICAL POTE^IAIS (mV) OBSERVED ACROSS 
POLYSTIRSHB BASED STAMIO AESEUATE MEMBRAHB 
Conoentratlone 
V°i 





Ix lO^^/ lxlO"' 
5x10"'/5x10"* 
1x10""'/1x10~^ 






































9IABI.E 1 . 3 
THE VAKTES OP ELEdERICAl POTEMSIALS (mV) OBSBRTCD ACROSS 
PARCHKENT SUPPORTED COBALT CHROHATB HSHERAITl 
Coacentratiotts 













































TABLE 1 . 4 
THE VALUES OP ELECTRICAL POTENTIALS (mV) OBSERVED ACROSS 


















































fABLB 1 , 5 
TEB VAIOES OP BlfiCTRICAI. POTENTIAIS (mV) OBSBRTBD ACROSS 










Vide H g . 




















1 1 .6 



































































' U l 3i 
fABLE i , 7 
OTB VAEtJBS OP BI.BC!J!RICA1 POTENTIALS (nV) 0BSBR7ED ACROSS 
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(/\ujjajj lo n u3^0cj sua jquu dt^ 
<0 OO 
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2.0 0 1 1 ± 
-2.0 -1.0 0 1.0 2 0 3.0 
-log Cz 
FliO /. 4 EVALUnON OF MEMBRANE FIXED CHARGE DENSITY 
X AND MOBILITY RATIO (U /V ) SMOOTH CUR VEb 
ARE THEORETICAL CONCENTRATION CURVES AT 
DIFFERENT MO BIL I T Y R AT t OS U/V EX PER I MEN fAL 
VALUES FOR PARCHMENT SU P POR TED MAN CAN E SE 
SULPHIDE MEMBRANE ARE SHOWN BY BROKEN 
LINES 
^0 
Vhea an ion •xehange a«»1»raii« is inttrposed bfttir««n 
tvo BoIutloiLB of th« BasiB •leotrolyt** bat of difforont 
eoaovntrations, the potential dlfferenoe developed is 
called the eonoentratlon potential or the memhrane poten-
tial, fhe eign and magnitude of thie emf gives the eeleo-
tivity of the meabrane tovarda the ions of the electrolyte. 
Bat if the membrane is used to separate solutions of the 
two electrolytes of the type Al^ and BP, the steady poten-> 
tial developed is called biionic potential which is a 
measure of the selectivity of the membrane for ions of 
the same sign* 
A number of theoretical equations for membrane 
potential and biionic potential in recent years, have be^ Ei 
derived on the fixed charge concept of Teorell^Meyer and 
Sievers (12»1?). The historical WB theory is veil knoim 
for its simplicity and widely used for the investigation 
of the actual mechanisms of ionic or moleoalar processes 
which ocoor in fixed diarged membrane systems. These 
authors considered the membrane to possess a network of 
either negative charge or positive charge* When such a 
membrane was interposed between two solutions of an electro-
lyte at different cone entr at ions, a diffusion potential 
within the membrane and two interfacial potentials at the 
membrane solution interfaces were assumed to exist* In 
the most idealised state these authors derived the equation 
41 
for membrane pot»ntlaX as foXXoimt 
A^ • 59.16 L^g IT 2 >5 V» » '•' " lo« . ! «3>Vi g«i J 
'- 1^ (40|+x2)'^2+X (4Cf4-r)''*+SBf 
(1.1) 
wliero f « (u-T/i-Hr), u and v are the mobllltleB of cation 
aM asotion reapeotlTely^ in the membrane phase t 1 ie the 
charge on the membrane expressed in eqniTalent/litre of 
imbibed 8o3sitdU>n« Sq« 1*1 hsya been frequently ueed for 
the evalnation of fixed diarge density X of a membrane 
(19), In order to evaluate this parameter for a simple 
case of 1t1 eleotrolsrte and membrane carrying a net nega^ 
t iye charge of tmity ( 1 » 1)t theoretical concentration 
potential^^ existing across the membrane are calculated* 
the ratio Cg/C^ being kept at a constant values of 10 for 
different mobility ratios U/T« and plotted as a function 
O2 as shoim in Xlgs. 1«1»1*4. The obserred membrane poten-
t i a l Talaes are tiien plotted in the same graph as a ftuac-
tion of Cg* She experimental curve i s shifted horisontally 
unt i l i t coincides vith one of the theoretical curves. !i3xe 
extent of the shift givss log 1 and the coinciding theore-
t i c a l curve, the value for u/v. The values of effective 
fixed charge density, 1, and mobility ratio, u/v, thus 
derivsd are given in Table 1»8« 
T* Kobetake, T« Toyoshima and H» Takegaohi (5*4) 
TABLE n 8 
VAIOES OF MKHBRAJTS CHARaS DBHSITY X ( • q / 1 ) , mmJlTt RATIO 
( U / T ) IOR VAEIOUS KBMBRAHB BLECSSaOLITB STSTSKS U3IM 
TEOaiLL-METBa-SIBVERB THBORT 
42 








(X)xlO^ 5.8 4.5 6*9 5.9 
(u/f) 1.2 1.0 n o n o 
(X)xlO^ 6.5 8.4 6.9 7.9 
fr) 0.8 0.8 1,0 0.8 
(X)xio' 3.7 2.0 1.4 2.5 
( S / T ) 1.0 1.0 1.2 1.0 
(S)x10^ 5.5 5.7 2.7 4 .0 
ivi/r) 1.0 1.0 1.2 1.0 
(X)xlO^ 5.4 5.0 5.8 4.5 
ivi/r) 1.2 1.0 1.4 1.0 
(X)xlO^ 1.4 1.5 1*1 1.2 
{u/r) 1.2 1.2 1.2 1.4 
(t)x102 1.2 3.9 5.1 5.8 
( 5 / T ) 1.2 1.0 1.4 1.0 
Vlda Tig*. 1.1 to 1.4 
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oottsldttrad the system to be eomposed of an loniaabXe mem-
brane (negatlrely charged) of uniform thickness separating 
tvo bulk solutions of a unl-unlvalent electrolyte of oon* 
oentratlon C^  and Cg* tJslng the expressions for the flux 
of the electrolyte component and e lectr ic current density 
both related to the frame of reference fixed to the membrane; 
Incorporating the assumptions for aotlvltlee* mobilities 
and electrical neutrality t and by applying the principles 
of IrreTersible thermodynamics, in the most IdeeOlssed 
situation* derived the foUoving expression for membrane 
potential 
AjJ « - { ^ ) [^ la 7;^- (1 + 4 - 2 ^ ) m (-§^ r ) l (1.2) 
where cQ^-^ \ and ? « 1 • ( S 2 ) 
u+v u 
To evaluate the membrane parameters < , ^ end X* tvo l imit-
ing forms of the above equations have been derived* Vhen 
the exteniGLl sal t concentration iras sufficiently small* 
A^y « | - l n r - ( ^ ) ( 1 + ^ - 2'=<)(-i^) + . . . (1.3) 
C« 
vhere A^^ • FA^/RTJ and Vn 79^  
vhen the salt concentration vas high 
^ , (1 +^ - 2<<: )(V-1) s 
1- i - < 2(1-.««)^lnf' *'2 
irli«r« t«, i0 the apparent transferanea aunbar of ooiona 
(anloiMi) in a nagatlTaly oharged mastbrana dafinad by 
Ajrfr « (1-2t j ln<' (1.5) 
Tha TaJLaae of t . oaXealatad from observed membrane poten-
t i a l s using eq, 1,5 are given in Tables 1*9 to 1.15* Bq« 
1.5 vas used to get the value of ^ and a relation betveen 
'K'and X by evaluating the intercept and the i n i t i a l slope 
of the plot of A^v against! Cg (Figs. 1*5«1*8} i^iila eq, 1.4 
was used to evaluate °c from the intercept of a plot of 1 / t . 
against l/Og (Figs* 1 •9-1.12}, The value of X vas then 
determined by inserting this value of <^  in the relation 
betireen ^ and X obtained earlier. The values of the mem» 
brane parameters < , ^ and X, derived in this vayt for the 
membranes in oontaot vith various 111 electrolytes are 
given in Table 1.16. 
Once the values of the parameters <^ , ^ and X for 
a given membrane-electrolyte system are knoim one can get 
theoretioal memlKrana potential values at any concentration 
using eq. 1.2 for any concentration ratio-T and compare i t 
with the corresponding experimental data. For th is purpose 
eq. 1.3 was transformed to the folloiring form 
^ Y ^ - 2 (1.6) 
e^ - 1 
iri^ sre q - "^f/^^TS^^ I and Z • Q^/cC^ x 
7ABIS 1.9 
TRAHSFBRMCB JSTOHBER t. OF COIOHS DERIVED BROM OBSBRTED MEM-
BaAUB POTENTIAL AT 7ABI0US BIBCTROLYTE CONCSENTRATIONS 
THROUGH POLTSTTRBHE BASED ZIHO PHOSPHATE HEHBRANB 
Conoentratlozui 
( ltol/1) 







































Via© Fig. 1.9 
TABIiB 1.10 
TRAiiSFBR^HOE HUMBER t« OF COIOHS DERIVED 15R0M OBSERVED M M -
BRAHB POTENTIAL AT VARIOUS BLBCTROLYTB CONCENTRATIONS 










































Vlda Fig. 1.9 
TjkSLS 1 .11 
TEANSFSRSHCB KUlSBEa t « OF COIOHS DERZTED FROM OBSERVED KSK-. 
BRAHB POTBNTIAL AT VAiaOOS BIBCTROIiYTB CONCBNOaATIOlfS 
maOUQH FARCHMEST SUPPORTED COBAUF OHROMATE MEM^AKB 
40 
( « o l / l ) 
1/1x10"^ 
SxlO'VsxIO*^ 





































Tide He. 1.10 
TABLE 1.12 
TRAUSPEREKOB NUMBER V OP COIOHS DERIVED iROM OBSERVED HEH-
MAHB POTENTIAL AT VARIOUS BLBCTROLTTB OOKCJENTRATIOITS 
THROUGH PAROHMBHT SUPPORTED HICKBL GHROKATE MBMBRAHB 
C^newAtifatloiui 
Cj/C, 
(Mol / l ) 
1/1x10""^ 
SxlO^VsacIO*^ 
Ix lO'Vlat lO"* 
5x10-^5x10* ' 
I x lO -^ / l x lQ - ' 


































VU« Plft. 1.10 
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TABLE 1.15 
•EaAJSySREITCB EUHBSR t-. OP OOIOHS PBHIVED IROH OBSERVED KBM-
BRANB POTBHTIAL A3? VARIOUS BLEOfROLYTB CONCBHmATIOirS 









































Vide i l g . 1.11 
TABLB 1.14 
TRAX^PEaBHCB mmBSR t « OP a)I0I3S DERIVED IROK 0BS¥RTSD MEM-
BRAIJB POTENTIAL AT VARIOUS BLECTROLTTE CONCBFTRATIOHB 











































Tida Pig, 1.11 
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TABIB 1.15 
THMSFBRENCE HITMBBR t « OF OOIOJrS DERIVED iKOM OBSERVED MEM-
BRAirS POTENTIAL AT VARIOUS EIECTROLYfB COHGEITTRAMONS 
THEOII<m PARCHMENT SUPPORTED MANaAlTBSS SULPHIDE llBHmAHB 
Conoen t ra t lons 
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F(G 1.6 PLOTS OF A0f / 2 303 AGAINST C2XlO^FOR 
PARCHMENT SUPPORT £0 MAN G ANESE SULPHIDE 
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FIG I.IZ PLOTS OF l/t AGAINST I / C 2 FOR 
PARCHMENT SUPPORTED MANGANE SE 
























































































































































TlmB i f •q. U6 iB valid for th« 8j8t«a undtr imreetiga-* 
tiozi tliB Talues of (<'->o^)/(«^-1) oaloolated from tho 
moavurod A itf vltli i^edetBrainBd <<, ^ and 1 and th« gi-ren 
•alttft of i' BEast fa l l on a straight l in* vlth unit slop* 
and should paes through origin vh«n plotted against Z, 
Figs« 1«17*-f.20 d02)on8trat» that th9 theorotioal prodlo* 
tions of eq« 1*6 ar« home out quite eatiefaotorlly hy our 
experimental results with the meaihranee under inveetiga«-
tion. 
Sbhatake and iCamo (36,37) derived another equation 
(eq, 1,7) for membrane potential using a different set of 
assumptions t ( i ) the contribution of msu^ e movement vae 
negligible* and ( i i ) small ions do not behave ideally in 
the charged membrane 
(4o|4^x^)^^+#xn 
- I n - — f »"V8 (1»7) 
Here ff is a eharaeteristio factor of the membrane electro-
lyte pair and represents the fraetiom of counter ions not 
tightly bound to the membrane skeleton* The product ^X is 
termed as the thenodynamically effective fixed charge 
density of a Bembraae* Since it vas somevhat troublesome 































































































































I 0 2.0 3.0 
-log(C ,* C2)/2 
PLOTS OF PERMSELECri VIT Y P^AGAINST 
-log f Ci ^ C 2) / ? UbI NG ) ] E LECTRO LY TES 
AC ROSS PARCHMENT SUPPORTED 
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FIG.1.2 0 PLOTS or to g ( f - e^ I / ( e^ 1/ AC A IN ST 
log Z FOR PARCHMENT SUPPORTED 
MANGANESE SULPHIDE MEMBRANE USING 
VARIOUS 11 ELECTROLYTES 
51 
arbitrary extamal electrolyte concentration from the 
olMierved memlirane potential* A^» using eq. 1.7f Kiotoatake 
and Kaoo (?6} hare proposed a sinple metHod using tiie 
following approximate equation for the diffualve contribu-
tion to the emf of a ce l l with transport 
A^ = - f (1 - 2t5j,^) to ^ (1.8) 
where tr^^ is the transference number of colons in the 
app 
Qombrane phase. Comparison of eqs« 1*7 and 1*8 gecre 
t-__ w (*«»/ln '^ ' '• '"•'" I*- " ""• '^  ' (t.9) 
^PP ^ Inr 2 Inv 
where ^m 0/jJx 
On the other hand» (37)* the mase fixed transference 
number of colons in a negatively enlarged membrane immersed 
in an electrolyte solution of wnoentration C was defined 
where G^ and Q. are the concentrations of cation and anion 
respectiTely» in the membrane phase* fhis equation was 
transformed to 
t _ - i - - — 2 — Y T : ^^ •^ >^ 
(4r"»"1) +(2^+1) 
using equations for the actlwity eoeffieientt mobilities 
52 
TABia 1.17 
VAKJBS OP BFFBCTI7B PIXED CHAROB DBirSITT X ( t q / l ) USING 
KOBA^AKB'S KETHOD FOE TikEIOUS MEMERA^ l ILBCTROLTTB STS7BKS 




(X)xlO^, ( • t / l ) 5 .0 8 ,0 7.0 4.8 
Stoxmle Areenatt 
(DxlO^, (•q/1) 6.2 5.4 4 .4 7.0 
Cobalt CSiroatate 
(X)x io ' , (•q/1) 4 .0 4 .0 2.0 3 .0 
fiTloksl CSbromat* 
(S)xlO^, (eq/1) 4 .0 5.0 5 .0 4.0 
Cttprle Orthophosphat* 
( l ) x l O ^ (aqi/l) 1.7 1.2 U 2 
Iterourie Orthoranadata 
(X)xl0^', ( •q / l ) 5.2 3 .8 5.0 2.8 
Kanganait Salphlda 
(X)x10', (•4/1) 8.0 3 .0 4 .0 8.0 
bo 
TABLE %AS 
VAIWES OF PIRMSELBCTIVITT P^ OP POLYSTraSHB BASED ZINC PHOS-














































VAIOBS OP PEHHSELECTI"VITt Pg OP POLtSTIRlNB BASED BTAHKIO 
ARSENATE MEKMANB XJSim TAKIOUS 111 BLECTROLTTBS AT 
DIPPSRBHT COHOEKTRATIOUS 
Ooiie«ntratl<izui 








































Ha* Pig. 1.13 
•t" /; 
•TABLB i,20 
VAMTBS OF PBRMSElEOHVI'tT Pg OP PARCHMENT SUPPORTED COBAM 















































VALUES OP PERHSBLECTIVITY P^ OF PARCHKEHT SUPPORTSD IICKEIi 
CHROHATl MEHBRAHl TJSIHO 111 ELSCTROLTTIS AT EIFPBREHT 
COHCBNTRATIOHS 
Coneentrations 








































Tldt Pig, 1.14 
3b 
TABLE 1 . 2 2 
VAKJES OP PBRMSEIBCTIVIIT P ^ OF PAROHHENT SUPPORTED COPRIC 











































Vld© y i g . 1 .15 
TAfiliE 1 . 2 3 
VAHJES OP PSIHSBI.ECTIVITT P^ OP PARCHKSHT SUPPORTED MERCU-
RIC ORTHOVAHADATl MBMBRASB USIN0 VARIOUS 111 ELECTROLYTES 











































n 4 « Pig. 1.15 
5G 
fASm 1 . 2 4 
VAHJBB OP PERMSBLlCTIinTr P^ OF PAKOHMSNT SUPPORTED HANOA-











































nd« Pig. 1.16 
0 8-
a 0 < -
r ^ 2 
FIG 1.2t PLOTS or Ps AGAINbr / ' , / f < F, FCRPARLHMENT 
bU PPDRT E D (A 1 COBALT C HRO MAT E {B , NIC K E L 
CH P 0 MA T E AND (C jPCLYSTYRENf BAhED / < N (. 
PHOSPHATE MEMBRANE USING VARIOUS 
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VAIiaES OP EFFECTIVE FIXED CHARGE DESSITY fCeq/l) OBTAIBTBD 
FROM KOBATAKE'S PERMSBLBCIIVIinr KE5JH0D FOR VARIOUS HEMBRAITB 
ELE03JR0LTTB SYSTEMS 
BXeetroIytes KCl HaCl LlOX SH^OX 
K«mlnrane8 
Zine Phosphate 9 . 3 x 1 o ' 1 .4x1o ' 2.1sip' 8.0x1 (? 
Staimio Arsenate 7.0x10-^ 2*6x10* 5.0x10^ 2*6x10* 
CobaXt Chromate 3.7x10^ 5.8x10^ 7.4x10^ 2.9x10^ 
ffickeX Chromate 5.4x1 o' 9.3x1 o ' 8.7x10^ 5.8x10^ 
2 2 2 2 
Caprle Orthophosphate 2.1x10 2.3x10 3.5x10 2.9x10 
Merourio Orthoranadate 8.2x10^ 7.9x10^ 3.0x10^ 5.3x10^ 
Manganese SaXphide 3.0x10^ 7.4x1o' 1.9x10^ 2.3x10^ 
Vide Figs. 1.13 to 1.16 
58 
of ntaXI ions la th« nwBtoiOfi* phas* anA th« •t«i3Litoiun 
eoaAitloa for tlM «l«crtrleaX nttttrallty* Siaoo tlio theor««> 
tloftXly ealeolfttaA dlff«raiie«0 b«tif«flB t^^p fx^ m •%• 1*9 
aad t^ fk>oii eq. t . t l for •arious reduood ooneantratioas 
vera found to ba aliraya laea than 2fS« fherafora* t^ and 
t . vara oonaidarad pracrtieally tha eecia* fhna eq* Uti vas 
rearraagad iiMeh Xad to tha dafinltloa of pamealaQtivit^r 
F %y t!ia axprasaion 
{4 '^^ 1)•^ ^ « **' ^^ ^^  '^— ^l\ (1.12) 
^ < . (2<-.1)(1.t5^) « 
I^Me equation vae ueed to find the pasmaelaGtiTity 1^ ^ frost 
tha fflaabraae potoatial meaeuramanta* £f tha traneferaaoe 
aumt)ar of ooiona (t 03P t«» ) te aaso» tha mamhraaa la p9i>> 
faotljf ealaetiva and P^  « 1* ^liXa i f the trenefarenoa noa^ 
bar of ooioaa haa tha ve2ua in fraa soXutioat ^Q " 0* iSia 
valaaa of ?g obtainad froa t~ ^ aad ueing the r i ^ t hand 
sida of aq« U12 ara glxraa la Tabla 1« 18-1* 23 and alao plot-
tad agaiaat log {Qi-t^OJi/Z la FtflB. 1.13«U1d. Tha ooaoa»-
.««» at . .* . ; jco . . (« -^^. . . . . - » . , . ; & . . ) 
giiraa tha ralua of tha thaxaodyaaaieaUy affaetlva fixad 
eharea daaaity ^X as danaadad bgr tha laft hand alda of aq* 
1»t2, Xha TaXuaa of ^Xt ttaaa darlvad, ara givaa la Tabla 
1*25« Fige* 1*21 aad U22 rapraaaat plota of f. agaiaat 
i/AHj for tha aavaa aaabraaaa amplojriag varioua uai-
ualTalaat alaatrolytaa* 
5 b 
KoBt reottntlyy Tanaka and oovorkere (38) derlTOd 
anothor equation for m«m1>rane potential on the foXloving 
oonsiderationst OSie total membrane potential/^^ was oon* 
aidered ae the eum of a dlffaaion potential A (I. inside 
the membrane and the eleotroetatio potential difference 
Ziff^ betveen the membrane eurfaoea and the electrolyte eoln-
tiona on both sides of the membrane* 1!he diffusion poten-
t i a l ^ ^ . iras obtained bar integrating the basie flow 
equation for diffusion« i&ile the eleotroetatio potential 
dlffctreni^ vae calculated from tlie Bonnan'^theory, stated 
mathematically 
A^ « ^^^ + ^4^ (t«13) 
where ^^^ a -(«&-) / - - ~ -;— dac 
(C« + j ^ ) u 
d In a^  
) r.-: = ~ d 3 a a . (1.14) 
«^  (CL • ^X)u + Gjr 
and -A^^ « - ^ la 2 l - - . (1.15) 
Here, the subeeripts »^ - and o refer to cation» anion and 
water moleeulaet respectively,, J^ i s the flow of electrolyte 
in the absence of e lectric f ield; u, r, a^ » a^, 0^  and C. 
are the mobilities, actiwities and concentration of cations 
CO 
and anione, respeotlTaly. The eymbolB, R, T and F haT« 
usual ailgnifioanea. (hror1»are rafar the phanomena in the 
membrane phaaa. On integration aqt* 1*t5 in tha limit of 
high aleotrolyta conoantration aoroas tha mamhranet ona 
obtaina the following aquation for the membrane potential. 
.^,|»f(f)(%l)^^f(S^) 1 r - ^ Eyo^(u^)K 
t -
XJ. 






2 R T 0 Q V K 
jCr'.Dcg (1,16) 
When the membrane vaa in contact with auffielently high 
electrolyte concentration, eq» 1,16 vaa reduced to f irst 
term only. 
-A^ - ^ ( i !^ ) ( - | . ) X ^ ••. (^ ,^7) 
Equation 1«17 predict a a linear relationahip between mem-
brane potential Af< and l/C^* ^ e atraight l ine plota in 
Figa* 1.23<-1«26 are in accordance with eq« 1.17* ^ e 
•aluea ot X derired from the alope of linea are giwen in 
IDable 1.26, Ihe valuea of charge denaity of the membranes 
electrolyte ayatemsderi^d by thia procedure are comparabla 
G l 
TABI£ 1 , 2 6 
VAKTBS OF EFFECTIVE HXBD CHARGE DKSSITY X ( t q / l ) OBTAIHED 
lEOK TASAE;A*S eiETHOD FOR VARIOUS KEHmANE ELECTROLTTB 
SYSTEMS 
Kemtoanes ECl £faCl M C I HH^CI 
Zlno F!i08phat« 
(X)x1o', (eq/1) 9 .0 8.0 9.0 9.0 
Stanxiio Arsenate 
(X)xlO^, ieq/l) 5.0 5.5 6.0 5.0 
Cobalt Chromate 
(X)x io ' , (eq/1) 5.0 5.0 7.0 5.0 
HiekoX Cbromate 
(5)x105. ( « i / l ) 7 .0 9.0 7 .0 8 .0 
Ooprio Ortbophosphat* 
( l )xlO^, (et l / l ) t . 5 5.2 6.2 6.2 
Kereorio Orthoranadate 
(5)x10^, ( W D 1.6 2.1 5.6 5.6 
Manganesa SuXphlda 
( l ) x 1 0 ' , (aq/ l ) 7 .0 5.0 8.0 8 .0 
mmmmmmtmmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^^ 
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0 50 0 100 0 
r/G.7.2 6 PLOTS OF MEMBRANE POTENTIAL A 0 ( mV l 
AGAINST I/C2FOR PARCHMENT SUPPORTED 
MANGANESE SU L P H ID E M E M BR A N E 
to tlsos* d«riT«d liy otter proeoduros (7abl«8 1.6> 1f17« 
1«2$)« Tho Ta3A«B of charge d«ziBitleB» aB obtained "bj 
different setliods* are eomeiiiat dependent upon the differ* 
ent proeedures adopted. In generaX« thereforot It may tw 
cottoXuded that the i&emhrane eXeotrolyte eyetette under 
in?eetigation posfiess low density of fixed <^arge groups 
(fable 1*26} and that i t can be evaluated irlth reasonable 
aoaxraoy by any one of the theoretloal methods developed 
recently including those baeed on the principles of 
irreversible theraodyneBics* 
Bi-Zonic Potential (BII>)t 
The values of biionio potentials obeerved across 
parchment supported nickel ohromate, manganese 8ulpMde» 
euprio orthophosphate and mercuric orthovanadate and polys-
tyrene base stannic arsenate membranes using various til 
electrolytes are given in Tables 1.27~1.31 and alS9 plotted 
as a function of activity in Figs. 1*27-1 •29* 
Biionio potential has been considered by Helfferleh 
(1) in accordance vith the concept of the WB theory, as 
being the algebraic sum of two interfaoial potentials and 
an internal diffusion potential. A complete mathematical 
discussion under conditions t (1) a membrane difjEUsion con-
trol» (11) film diffusion control* and (ill) coupled mem-
brane film diffusion control has been presented. For 
i J 
VAIWBS OP OBSERVED BI-IOHIC POTENTIAL (mV) FOR TTARIOaS 





Kol-HaCl KOl-LlCl HaOX-IdCl 
5.0x10"V5.0x10"'^ 
U O X I O ^ V K O X I O " ^ 
5.0x10*^5.0x10"^ 
LOxlO^^/UOxlO"^ 
5,0x10** V s . 0x10*' 
1.0x1 ©""Vu 0x10*"' 




















VAJOJES OP OBSERVED BI-IONIO POTEHTIAl (mV) POE VARIOUS 
































Vlda Pig. 1.28 
G4 
lABLB 1.29 
VAEUBS OF OBSBRYID BI-IOHIO POTSHTIAL (mV) BOR VABIOTJS 





n 0x10*Vl •0x10"*^  
5.0x10*^/5.0x10"^ 
























Vld« Big . 1.29 
TABLE 1.30 
VAiaJES OP OBSBRVB33 BI-XONIC POTBUTIAL (mV) FOR VARIOUS 
BLEOTROIYTB PAIRS ACROSS PARCHMBNT SUPPORTED MERCURIC 
0RTH07ANADATB HBKIRAIB 
Slaetrolyt* pair 
Coneantratlon (Mol / l ) 
5.0x10" Vs. 0x10"^ 
1.0x1 O^Vl .0x10"^ 
5.0x10*^/5.0x10""^ 
























Tida Fig. 1.29 
G5 
TABLE 1.31 
VAIOSS OP OBSERVED BI-IOHIC POTEHTIAL (mV) FOR VARIOUS 















































« KC(. LiCl 
A NaCI-LiC( 
0 10 2.0 30 
log a 
FIG \'Z7 PLOTS OF A 0 (BiPj AGAINST -log a FOR 
VARIOUS ELLC TROI YTC PAIRS WITH POLYSTYRENE 
















































































































































































































(A^) dIS 1(f) V ) ioHu340d oiuoi-ig 
GG 
biologioal atHbraneii tMa potent ia l 10 usually deeerllwA 
In terns of the Goldmaii-Hodgkln/-Kata equation (34»?5)t 
vhereadB tor certain Ion exchange membranee permeable eolely 
to Bpeelee of one sign I t la deeoribedl by a i^nerallased 
Bemst equation. In addition to theaeg nDmerous equations 
for bllonle potent ials based on equilibrium thermodynamics 
hanre been derived and tested for t h e i r appl icabi l i ty to 
various model systems* 
Eecently* ^oyoshlma and Fosakl (39) have derived 
equations for HIP and membrane potent ia l on the basis of 
non-equlllbrlum thermodynamics and using the appropriate 
assumptloiMB for the mobili t ies and ac t iv i ty coefficient of 
small lone In the membrane phase. 13iey considered membrane 
matrix to poseeBS uniformly distr ibuted negatively charge 
and separating tvo simple 1t1 e lec t ro ly tes of the type 6^ 
and BP, fhese authors derived follovlng equations for 
biionio potent ia l 
K aTV 4> 1 
A^gjp « 2 in ( ^ ) * in ij^ri) ( ^ ) (1-18) 
Kdovlng the values of parameters K , K *^ v t v^ and flux 
J t the valaee of theoret ical bi ionlc potent ia l can be ca l -
culated using eq« 1,18. lOr the evaluation of these parsi-
meterSf folloirlng equations have been forwarded 
g •t>2J Jv 4-1 g 
(2J*1) in ( ^ ) - 1» ( 3 ^ ) - in (^) - 0 (1.19) 
G n 
vher« Tj, • 1 • C-^")! and €^ • t + [ l • ( ^ )^j 
Eore tu and Up are the limiting mohilitiee and K^ i e 
defined ^ 
vheve i^^)j si^ d ( ^ ) x x ^® ^^^ mem. aotiirlties of the 
eleotro2^e HP; (H a 4, B) in the eoXution X end XXt vee-
peotlTelyt defined ^ 
2 „ ^I ^I 
X » a | e^ (1«22) 
(a^ l^ )^  end (aji)i, <1 « At B, P) are tlae single ion aetlvit lee 
of epeoiee *i' in the ftemhrone phane at X » 0 end X » L and 
t/8g «. exp ( u ^ • t;^  4. tt^ - ttj )/2E!J? (f .24) 
in . . . , . 24 » r ana ^ ^ . , . t . . a*ana.r« <*.^c«X p o t « t l . l « 
of cation H in the nemlm'aae phaee and the erternal haUc 
solution reepeoti'velyt and Up mA v^ are the oorreepond* 
ins •aluee of anion P, Xn order to derive the values of the 
paranetere Ug and X ooooring in eqn. t«19» (Toyoehiaa and 
Hoaaki (39) derived another equation 1«2$ for memhrane 
potential A ^ arising aeroes a neahrane iriien i t io used 
to separate tvo solutions of an eleotrolyte at different 
68 
conoeutratlons c^  and <^ * 
(P/HT)/^^ « -an -(1-2/Vjy)x la '^^ ^ '. ""•• 
yt+c 2(^/1)^.1 
ithere -fa "*'*" 
Expaaelon ot ©q. 1.25 in poirere ot (1/cJ) In wbS.9h conoen-
tratlon ratio ^ i s kept const ant t yield 
(F/R!l?)^^ « «(1-^Vj j ) lnf ' -2(t - lAg)as(t /Tg)(1*1/ - ) (^^)(1/Cj) 
(1«26) 
The apparent transference ntii&ber t^ for ooions was defined 
by the Hernst equation 
F/BT^^ - (f-2t J In ( n 27) 
Combining eqne. 1*26 and 1*27 end expanding t/t« as a 
power of seriee of 1/cJ foHoiring expression was obtained 
t / t . - T^  * (^1) [-^] <lj)< V<§) * — (1.28) 
Figures 1.9-1.12 depict a set of straight lines for the 
membranes under investigation using variotts 111 eleetro«> 
lytes as demanded by equation 1.28. It may» therefore, be 
eonoladed that the reduction of eq. 1.26 to first term only 
i s Justified. The Talues of T^ omd J/%^ irere then obtained 
from the intercept and the slope of the lines. The Talues 
G^) 
HmUB 1.52 
VAIOBS OP MOBIMTT RATIO 50R VARIOUS PAIRS OP SIECTROLYTBS 






























TABIiE 1 ,55 
VAKJBS OP MOBIHTT RATIO PQR VARIOUS PAIRS OP BIiECfROLYTBS 




1 . 0x10"*Vu 0x10*' 


























VAI»BS OP MOBIHTT RATIO lOR VARIOUS PAIRS OF ELBCmOlYTBS 































TABLE 1 . 3 5 
7AWBQ OF KOBIHTY RATIO FOR VARIOUS PMRB OF ELBCTROLTTES 
ACROSS PARCHKEITT S0PPORTSD MERCURIC ORTHOVANACATB MEMBRANE 
El«otrol3rt« pair 
Conoa&tratloii 
( « o l / l ) 




























TABIiE U 3 6 
VAIOES OP MOBILOT RATIO FOR VARIOtm PAIRS OP ELECTROLYTES 































BERZVBD TAJUJfia OF | ^ (H » KCl, HaCa* LiOl) A0ROS3 Pi^Gm^MT 
SUPPORTED MASaMSaB S0IPEXBB HSMBEAHB 
Concentration g-* &,^ -f g,*^ 



























DERIVED VA3SJES OF PARAMBTBRS Vjj, ^X/K^ 'AHD POTBHTIOMSTRIC 
SELBCTIVITT K^ *** FOR VARIOUS ELECTROLYinS PAIRS ACROSS 
PARCHHMT SUP PORTED MMGANESS SULPHIDS HEHBRAHS 
Param«t«r0 
SXeotrolytes 
• H i i J \ K^ *** 
ECl (ECl-^aCl) 
U C l (Kd-LlCl) 










fAMm 1 . 39 
DBRIVBD VALUBS OF fi^ (H « KOI, HaCl, U C l ) ACROSS PAROHKMf 
SUPPORTED KBRCOHIO OETHOVAUADAfE KBMBRABB 
Concentra t ion ««.+ ft»^+ g,.-*-
(MoX/1) ^ ^ * ^ 
5.0x10" V s . 0x10"*^  
























DBaiVBD VAHJES OF PARAKETBRS 7^. ix/^ ABD POTBHTIOMBTRIC 
SBLBCTIVITT 1 ? ° * FOR VARIOUS ELECTROLYTE PAIRS ACROSS 
PARCBHENT SUPPORTED KBRCURIC ORTHOYAHAPATE MEMBRANE 
Parwttars Tjj 4li/t^ K?®* 
Bleetrolyt** 
KCl (Kd-HaCl) 













DKAXVSS VilI0BS 0 ? | ^ (H » SCl» Ha01» L lCl ) ACROSS FARCHMEIfT 





























fABim 1 . 4 2 
DBRIVBD TAI0ES OF PARAKETBHS 7^, iX/\ AHD POTBNTIOKITRIC 
SBLBCflinfT K *^** FOR VARIOUS ELSC5R0LTTE PAIRS ACROSS 
PARCHMENT SUPPORTED HIOKBL CHROMATB HEMHIAHE 
Paraneters Tj^ ^^^ 
Eleetrolyttts 
£01 (SCl-iraCI} 













DBEXV£I> VAIXJES OF fi^^ (IT « EOlt HaOlt MCI) ACEOSS PAaOHHEHT 
SUFPOETSD OUPEIO OETHOP108PHATB KEBtBRAHB 
^ '^^ J^JJlf ^ '^  %* %a-** SLI-^ 
5,Ox10"V5.0x10"*^ 
























DERIVED TAI.UBS OF PARAfffiTBRS 7^* ^X/Z^ AHD P0TEH5I0E11TRIC 
SBLBOTIVUnr K?®* FOR VAHIO0S ElEOTaOLtTB PAIRS ACROSS 
PARCHHENT SUPPORTED 0OPRIO (B1H0PH0SPHATB HBHSaAHB 
El0etroIyt«« 
KCl (KCl-^aCl) 
L i d (Kd-LtCl) 










TABM U 4 5 
DERIVED VAECmS OP ^ (B « ECl , HaCl, IdCl) ACHOSS POLTS-
T7HBHB BA3BD S!I?A!nrXO AESMASB MSSBRANB 


























DBEIVED VAIAJBS OF PARAMEfERS Vg, J*X/% AHD POTlHflOHEimiO 
SEIiBCTIVITY K?*** FOR VARIOUS ELECmOIiT'CE PAIRS ACROSS 
POLTSTIREKB BA0BD SlOAHHIC ARSEHATB HKHBRAKB 














tli»0 derived are given in Tables 1*38r 1*40, 1«42, 1«44 end 
1.46. These values of "^^ and ( ^ ^ ) were then used to oal* 
Qulate J and ^ using eqne. t«18 and 1.19. Onee the mem*-
hrane parameters yr^t %» ^ and (X/%^ are known for the 
memhrane-eXeotrolyte systems» one oan oaleulate theoret ioal 
Mionio potent ia l using eq* t*13, The biionlo potent ia l 
thus obtained vere plotted as a funotion of log 0 in figs« 
t . ?0 and t,31 (shoim b^ r dotted l i n e s ) . In order to compare 
the theoret ioal biionlo potent ia l values, the observed 
biionlo potentials (Tables !•27-1*31} vere also plotted 
in the same ^aph (shown by solid Hnes} . Figures t .30 and 
1*31 demons^ate that the theore t ica l curves follow quite 
sa t i s fac to r i ly the experlisiental ourves. However, a s l l ^ t 
deviation in the values aay bo accounted due to various 
reasons, most notably due to the ionic interact ion with the 
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CHAPTER IX 
PIFTOBIOH RAgS Qg lOKS 
Despite i&oreaBingly broaA (1) and detailed (2) 
deBoriptio&s of liiologioed ioaio pen&eabilitjr and memlnreiie 
structure (3»4) that hare been given* the phyeioal meoha* 
niem hy nhioh ione oroae membranes are not knovn (1) and 
are the eubjeot of diverse speculations* With the increase 
in^Ly diverse types of ion exchange membranes available 
throu^ recent progress in dtiemistry for ezas^le solid (?) 
and liquid (6*8)» organic (9t10) and inorganic (1tf12)» 
porous (t?) and nonporous (14)f the effects of membrane 
structure on membrane properties are becxusing better under* 
stood {^5f^B), 7here are a number of features of membrane 
systems i^ieh influence and control the eztraotibil i ty and 
apparent mobility parameters of ions, vis«, density of 
fixed and mobile s i t e s , dielectric constant of the membrane 
medium, interactions of ions with s i tes to form mobile or 
immobile ion pair, and possible interactions with colons 
and vlth complex forming reagents, including membrane so l -
vent and additives* 
In an attempt to understand the mechanism of ion 
transport throu£^ membranes, a number of investigators, 
8o 
ia reo«nt years* he^9 oo&etruoted a Trarlety of aembranes 
with ««11 defined etruotiares end \ff Tarying the penaeatioa 
meohaniam and partiealar parametera in a controlled msnaev* 
hare proposed nianeroua theoretical deaoriptione* ^ e 
diversity in the theoretioal forms» which resulted fr<»i 
siBiplifioations made ty various authors t is a particular 
hassard to workers in this field* 
In this ohaptert the difftisioa rate studies of 
simple metal ions throu^ parotoent supported Hiokel <d3ro« 
mate memhraue under isothermal conditions are described* 
She diffusion rate of ions hafve been computed using the 
equation derived t^ \u W* Ket^lber^^r (17) from the simple 
laws of eleotrolyeis and following the procedure described 
by Beg and ooworlEsrs (18-25)* ^ s advantage of this method 
is that various transport parameters» naoielyf membrane 
resistance IL » membrane potential 1^ and the diffusion 
rate could be known within two-three minutes* ^ e results 
hove been discussed in the Hi^t of Bisenman-Bherry model 
(26»27) of membrane selectivity and the theory of absolute 
reaction rates (27-57)* 
Parchment supported nickel chromate mombrane was 
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oovorkera (18-25) a0 doeoribtd in chapter I . fhe memliran* 
was olanp«d l>etireen the two half eello aa ehoim In Fig* A» 
The half oella contained 125 ml of electrolyte eolutloiis 
vhlle the capacity of each of the ce l l holdlxig the aembroae 
vaa about t30 ml* Znitlally theee concentrations C^  and Cg 
vere 0.001K and 0«1ll. Bach of the half c e l l irae fitted 
with a conductivity ce l l (A^ and A 2) fi^nly fixed to follow 
concentration changes using conductivity bridge (Caiahridge 
Instrument Co* England Ho* 350140) end two anion reversible 
A|^ >Ag01 electrodes - one a diao type (B^, Dg) to paaa a 
amaH do current and axu)ther J-ehaped wire electrode (J^, 
Jg) to measure membrane potential following current fL>w* 
{The solutions in both the half ce l l s were kept well stirred 
by magnetic stirrers* All measurmaents were taken by using 
a water thermostat maintfiined at 10» 15» 20 and 25 t, 0*1^0* 
l^ ie various electrolyte solutions were prepared from analy-
t i c a l grade reagent and deionised water* 
Membrane resistance was determined by measuring 
potential across J. and J , electrodes with and without 
applying an external emf to the disc electrodes* ^ e change 
in potential was taken as IH *^ The current I passed throu^^ 
the membrane was determined Iqr measuring IE drop across a 
precision kilo-olm resistor* TSxe current was kept very lowt 
in order to minimise the ion transfer during the period 
(2-3 ffldLn) required for each resistance measurements* The 
85 
dlr«otlon of th« current flow irae reversed In each euo-
oeflsive measurement* 
Hembrane potentlale were evaluated from the e leotr l -
oal potential developed acroao J | and ^g el«otrodee when no 
external eorrent was paeeed. 39xe to ta l potential developed 
across J-*ehaped Ag/AgCl eleotrodes (J^ and Jg) ie the 
algehraio sum of elec^ode potential is- and membrane poten«* 
t i a l ^ * Bg vas ealeulated ttom the equation 
B3 « RT/Z.F 2n ag/a, (2,1) 
and P^  was obtained by subtraction. 
transport phenomena are often described l^ some 
extended form of the Hemst^Planok flux equation (58}, 
evaluation of flov requires integration of these equations 
under suitable boundary conditions ^vemins the behavior 
of the membrane-electrolyte system. Sometimes a^» based 
on the simple lavs of e lectrolysis , Kettelberger (17) 
developed the following equation for the migration of ions 
in an aqueous solutions 
I? • v ^ [1^ - ? - \ ] t^>^i^'*< A'] 
f a . 
^ (2.2) 
8ij 
vhere a,| and ^2 are the aotlTltles of the tvo eolations of 
the eame electrolyte on either side of the memhrane, Q is 
the number of milliequiyalents of ions difflising in t seci 
other symbols have their usual significance. 
!I!he variation of membrane potential E^, membrane 
resistance H and the computed diffusion rate dQ/dt derived 
using eq, (2.2) are showi in typical Pigs, 2.1 —» 2,9,(vide 
tables 2.1 -^  2.2.4)as a function of diffusion time. The 
membrane resistance set^uence, at any given time for the 
alkaline metal ions is lA^y Ha'^> t*", and for alkaline 
5^ 4* O ^ *%A, 
earth metal ions it is Mg > Ba > Oa . This sequence 
refers to the fact that there are very few colons in the 
membrane pheuse, and so in all the cases considered, the 
current carrying species are the cations. The charge on 
the diffusing ion has a very big effect on its mobility 
throui^ the membrane. As the charge on the coudaterions is 
increased the membrane resistance increases. This may be 
ascribed to be due to the increase in the ion association 
with the membrane exchange groups, ^lis is in agreonent 
vith the findings of Subrahmanyan and Lakshminarayanaiah 
(59) and Gregor and cowrkera (40) for the AMP C - 105 
membrane and the findings of Beg and coworkers with parch-
ment supported inorganic precipitate membranes (20,22,41)* 
The values of lE^  de(greases with time as can be seen 
87 
TABIiB 2.1 
7A22JE8 OF PARAKETBRS FOR THIS BIFFOSIOH OP KCl (0,1K/0«00tH) 

































































? id« F l ^ . 2 . 1 , 2.4> GM 2 .7 
T&Sm 2 .2 
7&Wm OF PAa^BTSaS FOH KIB BIFFtJSlOH OF KOI (0.1H/C.001K) 














X lo ' ' 
( » « / » ) 
0 1.10 93.19 141.12 15.19 65.0 22.9 
30 1.20 90.12 130.11 14.32 64.0 24.2 
60 1.32 86.51 121.12 13.41 63.3 24.5 
90 1,50 84.11 112,05 13.30 57.1 24.9 
120 1.72 81.52 100.13 12.92 52.2 25.0 
150 1.95 77.81 90.15 11.91 48.5 26.1 
180 2.10 75.31 78.12 10.11 48.0 30.0 
Tid« Figa. 2,1t 2*4t and 2.7 
8d 
TABLK 2*3 
VAHJBS OF j?AaAHBTEaS FOH TITS SIFitJSIOH OP KOI (0,1M/0,001K) 
























































Vide F i ^ . 2 . 1 , 2.4» and 2.7 
TAMm 2 ,4 
YMMm OF PAHAHETEaB lOS WM DIFFUSION OF KCl (0.1H/0.001H) 
fHaOOOH NICKEL CBEOMAfK MlflMAirE AT 25 4; 0 .1 ^O 
(ffiia) 
Ooaduotanett 
X l o ' 
OIHBI 


















































7id« F igs . 2 . 1 , 2.4» and 2.7 
8ci 
TABLB 2«9 
VAlffBS OF PAaAKiSTBES FOR THE DIFFUSIOH OF HftCl (O.IH/O.OOIK) 





























































VAKTES OP PARAHETEaS FOB THE DIFPtmiOU OF HaCl (O.IM/O.OCIM) 
THEOUOH UIOKM, CMOMATl MMMAKK AT 15 t 0.1«0 
TiJM Ctonduotano« E^^ H^  1^ E + dO/dt 
X 10' X 10*^  


















































Tld« Figs. 2 . 1 , 2 .4 , and 2.7 
GO 
fABUI 2*7 
TAI0BS 0 7 PARAHETSaS FOR THB DIFFOSIOH OF VaOl (0,1K/O.00lH) 



























































7id« Hgt. 2.1» 2.4> and 2.7 
fAB£B 2.8 
TAZ0BS OF PARAKBTSaS FOR THB DXFFIJSXOH OF RaCX (O.lH/O.OOlH) 




























































?id« Flc«. 2.1» 2.4. aad 2.7 
01 
rxmm OF PARAKBTIRS FOR ms SIFFUSZOH OF UCX (O.IK/O.OOIK) 



























































Vld« 7 i g 0 . 2«2» 2.5* and 2 . 8 
fAB£B 2 .10 
?A£DSS OF PARAHSTBR8 FOR THB DIFFUSION OF U O l (O.IH/O.OOIR) 



























































n d « Fig*. 2 .2 , 2.5» and 2.8 
fABIB 2.11 
rsasm OF PABAKBTlSaS FOR fRS D I F I U S I O B OF U O l (O.IH/O.OOIH) 
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Figs* 2 .2* 2*5ff &0& 2 . 8 
fASm 2 .12 
VAIXTB3 OF FARAHB7BRS FOa THB DZFFOSIOH OF IdOX (O.IH/O.OOIH) 




























































?ld« F1«B. 2 . 2 , 2.5» and 2.8 
naxjjm OF PAEAKBTSRS von mn mumaios OF saoXg (O.IH/O.COIH) 
!riiROU(»i MOmL OBaOHAXB MmBaAHB Aa? 10 1 0.1*0 
f i s t Ooadiiotaaet B^^^ B^ 1^ B^^ dQ/dt 
(nin) UV) (olai) (»V) (mV) («M/g) 
0 0.40 95.12 194.20 -29.48 80.50 15*90 
30 0.50 55.22 191.00 -31.65 80.00 16.15 
60 0.53 45.25 188.CK) -36.25 78.30 16.25 
90 0.56 40.15 184.00 -39,05 77.70 16.33 
120 0.58 36.81 179.00 -41.29 76.30 16.55 
150 0.59 35.21 173.20 -42.59 76.00 16.90 
180 0.60 31.75 171.30 -45.75 75.00 16.92 
Vide Flge. 2.2t 2.5» and 2.8 
7AB£E 2.14 
VAIXJBS OF FAHAKETIES FOH !PHB DIFFOSIOff OF BaClg (O.IM/O.OOlM) 
<fHaOU&H HX02BI. GHEOMITB KBKBEAHB Af 15 ± O.I^O 
Tla* Oonduetanoe B^l^ B^ 1^ B^4. dQ/dt 
X 1 o ' X 10^ 


















































Vid« Hen . 2.2» 2.5» and 2.8 
'.Ui 
TASXE 2 ,15 
VAHJSS OF PARAMBTTOB FOR fSS DIFFOSIOIT OF lim(XL^{0*m/0^(X>m) 
IHROPOH HICKBI* OBROKAITE HGMCTRAHl AS 20 jfc 0>1«>0 
Tin* Ooadaotanes B^|^ \ \ B^ 4- dQ/dt 
X l o ' X lO*' 
(min) (nY) ( o t o ) (mV) (aV) (mK/g) 
0 0.50 49.81 I85.50 -34.59 81.70 16.75 
50 0.52 43.25 182.50 -39.95 80.30 17.13 
60 0.55 38.60 178.50 -42.40 79.00 17.15 
90 0.57 34.21 176.00 -45.79 78.20 17.16 
120 0.58 32.25 173.10 -47.25 78.00 17.35 
150 0.63 29.15 170.80 -49.05 77.00 17.45 
180 0.64 25.25 169.20 -51.25 75.00 17.00 
Tide F l ^ . 2.2, 2.5, end 2.8 
fAB£B 2.16 
YKWm OF PABAMEIPIRS FOE WS DIFFUSIOS OF BaOlgCO.IK/O.OOlM) 
fssotiafi irxcKBL (moiufs HEesmAirB Af 25 ± o. ioo 
fiat Ooaduetanet B^|^ B^ 1^ B^4> dQ/dt 
X lo' X 10*^  


















































Tid* Figs. 2.2, 2.5f and 2.8 
7AB£B 2 , 1 7 
TAlZTSa OF PARAMBTBaS FQfi fHB BZI70SXOV 07 OsOXjCO.WOtOOlM) 
ZHBOtJOB HICKBL CBBOKAfB HXKBEliJfB A!P 10 4; 0 ,1*0 
f i » « Oonduetaiie* X ^ B^ 1^ S^4- dQ/dt 
as t o ' X to' ' 






















































7AMiMii OF PABAKBfBHS FOE TS& UIFFCTSIOB OF CaOigCO.IM/O.OOlH) 
fHEOUOH HlCKBl. CHROHATE msmmS AT 15 1 0 .1*0 
Tia« Ooadmotanoe B ^ B^ ^ B.-t> dQ/dt 
m 10^ E 10^ 
(ttUl) (mT) (o i t t ) (ft?) (ttT) (aV«) 
0 0.47 40.51 183.0 -34.99 75.0 15.90 
30 0.50 35.12 177.5 -37.38 73.5 16.00 
60 0.54 28.51 174.0 -40 .99 72.0 16.12 
90 0.55 25.22 170.3 -42.88 70.1 16.18 
120 0.58 22.15 166.3 -44.85 69.5 16.64 
150 0.60 19.21 163.0 -46.31 67.6 15.85 
180 0.62 15.52 160.0 -47.88 67.0 15.98 
•Idt F ig i . 2.3f 2.6» «ad 2 .9 
TABX.S 2.19 
VABJBS OF PAEAHEXmS FOR WS BXFFUSXOIT 07 CaCXgCO.IH/O.OOlK) 
TBEOU(m HZCEBIi OHHOIUTB MEMSRAHB kT 20 ^ Ott^O 
7iM Coaduetanot B^^ R^^^  1^ »^+ dQ/dt 
X l o ' X 10^ 






















































VAI^ SS OF 2AaAlISfERS FOE OTB DXFFUSIOlSr OF OsCl^ iO^^ /^O'OOlM) 
fHROyaH HXQjQgli CmOKATB MJSMBiABB A^ 25 A 0.1'^C 
Ti»» Ooaduetanea 1 . ^ . B^ 4 . B^ -f dQ/dt 
- olMi "to *te "e « 
X 10^ X 10' 


















































nd« fi««. 2.3» 2.6, n d 2.9 
i)7 
TABIS 2*21 
YAWtS OF PAKAKS!FSH& H)R THS DIFFUSIOB OF KgOlgCO.tH/O.OOlK) 
THROUGH HICKBL CHEOHATB KSHmAHB kT 10 i; 0,1«C 


























































Vide F i g s . 2.3> 2 . 6 , and 2 . 9 
TABIiB 2 .22 
ViUUEB OF PARAKKTSaS FOR THS SIFFOSIOIT OF nsQX^( O.iK/O^OOm) 
IHROUOH iriCKBIi CHROHATB HBKBaAirB AT 15 t 0»1®C 

























































Tid« Figs . 2.3» 2.6» and 2.9 
a 8 
ThSm 2.27 
VAMJBS OP PARAKSTBaS FOR THB DIFFUSION OF KgClgCO.IK/O.OOlM) 


































































OF JPAHAi^ ISSSaS FOE THE DIFFUSION OF KgOloCO.IM/O.OOlu: 
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{ S/ I^^J^OIX iP/ Op ^}Otl uoi^nj^ig 
iib 
i& 71g8» 2*If 2*2 and 2,3 for varloua diffoslog eleotro-
l7t98 throttgli the meaibranw* flie change in 1^ &aar he due 
to the amaXl ehangee produced in the eomoentration of 
electrolyte eolutione during the diffusion procees. fhe 
memhrane potential sequence for alkali metal ions was 
14'** > Ha'*"> K* and for laultivalent cations i t ira» Ca^^> 
Ba '*'^ Kg ^. tlSiis sequence of membrane potentisil point 
towards the fact that multivalent ions are more strongly 
adBorhed on the memhrane skeleton than univalent ione (41)« 
The values of the difftieion rate dQ/dt for various 
cations vera calculated from the predetermined values of 
membrane potential \ and membrane resistatice H^  using eq. 
(2«2)« OSie diffusion rate sequence of cations diffusing 
throufi^ the membrane was K^> Ha*']> Iti**" and Ba > Ca > 
2+ 
Hg • 'SbA.B diffusicm rate eequenoe, on the basis of 
Msenman-SSierry model of memlnrane select ivi ty (26,27t42) 
point towards the weak field strength of charge groups 
attached to the membrane matrix* 
Parehment paper, except for the presence of some 
stray and end oarboxyl groups, contains very few fixed 
groups. Deposition of inorganic precipitate gives rise to 
a net negative charge on the membrane surface in the case 
of dilute solutions of 1t1 electrolyte leading to the type 
of ionic distribution associated with the e lectr ical double 
JOG 
Xay«r. Bijr the use of oonoentratea electrolyte t either (111) 
or (2t1}t lesree a net pot^itive charge on the memhrane sur-
face due to the accoimlatlon or adsorption of oat ions, The 
surfaoe charge reversal ooeurred vith each electrolyte 
studied. This type of charge reversal is not peculiar to 
these systeas. Eosenherg et al. (45) found* in the case of 
thorium counterionsy negative eleotrosmotio transport of 
vater* l!he ion vas so strongly^ adsorbed on a cation exchange 
membrane that it conferred anion selectivity to the membrane 
and thus water was transferred in the opposite direction* 
Similarly Schols (35) found* in the case of sodium diphoe* 
phate* ad£Jorption of the diphosphate anion on the surface 
of the anion exchange membrane* permplex A*100. fhis 
reversed the charge on the membrane and also the direction 
of vater flow* Beg and coiiorkers observed similar charge 
reversal phenomena in a number of parchment supported 
inorganic precipitate membranes. The system under investi-
gation may thus be taken as having charged capillarly 
structures or gels idt&ioh can be judged in the lig^t of 
classical fixed charge theory of Teorell (44)* Meyer and 
Sievers (45)» Sollner (46)* dregor (47) and Sohimid (48*49) 
etc* Flov of electrolyte by diffusion because of the 
presence of a net charge («<ve or -^ v^e) on the membrane gives 
rise to the membrane potential as opposed to the liquid 
junction potential ordinarily observed under similar condi-
101 
tioAS 1& the ohB^nw of the aemhran** i^ileh regalatea the 
flov of eleotrolyte tif iaopeaalsig the speed of elov skovi&g 
ion &a& Isgr deereaoizig the speed of the faster moTing ion* 
fhe regulated rate of flov for varioae eXeotrolytee throtigih 
the Imreetigated membrane foUov the eequenoet K y ^A )> M 
and Ba^*> Ca^*> 1% *^. 
She theory of absolute reaction rate (28,29) has been 
applied to diffusion proceBsea in membranee by eeireral 
investigators (12,32). According to Laidler et al. (29,30) 
the integral diffusion coefficient B is {^ven by expression 
D « l> e*V^^ (2.3) 
where B i s the obeerrred aotivati<m energy for diffusion 
and P i s the frequency factor* 
1?he diffusion rate dQ/dt (mH/h) i s related to 
diffusion coefficient t^ the expression 
S « dQ/dt X 10*"^ /3«6 A C (2.4) 
2 
vhere A is the membrane area (24«6 cm ) aod A C ie the 
difference in the electrolyte concentration existing across 
the membrane* Combining eqe, (2.3) and (2»4) ve he^e 
dQ/dt « B 4- e " ^ ^ ^ (2,5) 
6 
where B « 3.6xtO PA AC. Since the frequency factor P, 
membrane area A, and the concentration difference of the 
electrolytes AC are constant, therefore the term B i s 
li)'^ 
oonatant for a partleaXar Byetea and tho lin«&r p3jOte of 
log do/dt VB, (1/T) glTB th© ralne for Kg^ /2,503E» Ih© 
•alixee of B., dtrlved in thle vay» using Fig* 2,10 for the 
diffusion of irarlous eleotrolytea throu^ the memhrane are 
dlven in table 2«25« 
Aocordlng to Zvollnski ©t a l . (28) 
D « > 2 (KT/h) 03Ep i^d^/n) ©XP (-^^/RT) (2,6) 
vhere > i e the dletence hetveen ©uooeeBlve equllihriuBi 
posit lone of diffuaing epeoiee, & the entropy of aoti** 
•atlont A- ^ th© enthalpy of activation, K, hf and I have 
their usual elgnlfioance, a3i© 3^1ng enthalpy of aotiv-a^ 
tlon H'^  i s calculated from the activation energy B^^ 
(previously determined) Isy means of the relation 
H** « B^ - KT (2.7) 
Aa«omlng/\ to be equal to 1A** for different electrolytes 
(1 • 5A® for ;\h«ve been used by different investigators) 
and substituting the valu© of diffusion coefflolent B, the 
•alaes of AS^ have been calculated* IThe free energy of 
activation A,!''^ i s then calculated by the Gibbe-Helaholts 
equation 
^l/ m AH^ - T^s'* (2.8) 
tDhe Talaes of the different thermodynaitlo paraneters so 
derived are given in Table 2*25* 
10 
BXSmiMEETAl ACTIVATIOH EMSEGt K„ ABD OWm TBrnmimWilO 
i»A»AIuB!I?}fflS FOH BIiSCmOIiITE DIPMSIOH ffilEOtJCn WLQ^I CMO-
MAa?B IISKBRAUB 
ParaiBet«r0 E^ /::^ H^ Af*^  







































































ip/ b p 6o] 
104 
th . , a l « . . ot^^ ( , i « . t e b l . 2.25) « . . l t h . r 
poflltlire or negativ* for membranes* fhere are a fev 
valuee «hl<^ ore oloee to eero and oorreepond to liquid 
eysteme* Acoordi^ ig to ^r ing and oovorkere (28,33}» the 
values of lAdioate the meohaniem of flovi l a r ^ poei-
ttve/^S*^ 10 Interpreted to reflfiot lireakage of ^ndt nhile 
lov valtiee indicate that permeation hae taken pXrce vl th-
4 
out breaMng bonds* !l?he negative A B^ VB^XieB are conoidered 
to indicate either fos^ooation of oovalent bond beti^en the 
pexiEteable speoiee and the atembrax^  material or that the 
penxieation throu^ the membrsme may not b© the rate deter-
mining otep. 
On the contrary, Barrer (30) has developed the 
concept of "zone activation" and applied i t to the per-
meation of gaeee through polymer membranee* According to 
this zone hypothesis, a high ^ £ r , yhlth has been correlated 
irith high energy of activation for diffiuiion, meazm either 
the existanoe of a large sone of activation or the rerersi-
ble loosening of more diiain segments of the membr«i»* A 
lov A S^ then means either a small ssone of activation or 
no loosening of the membrane structure on the pemeation. 
In viev of these differences in the interpretation ot ^Wp 
ShuUer et a l . (29)» vho found negative ^ w values for 
sugar permeation through collodion membranes, have stated 
that **it vottld probably be correct to interpret the small 
K/f) 
negmtlye valuee of A S^ mec^iaalcslly as I n t o r s t l t l a l p«r* 
meatiozi of the ateral^ rane (mlnlnum chain looeening) with 
p a r t i a l isuoobiXiaatloii in the membriane phase (email zone 
of disorder)" . On the other hand, Tl«n and !l?la^ ; (32) trho 
found negative ^W values for the permeation of water 
t h r o u ^ very th in (50^4 thictoees) hi layer memhrane 
6tre&eed th© poesihi l i ty tLat the memhrane mny not be the 
r a t e detewsining atep. Basod on additional ergerimental 
data* they came to the c»nolasion tliat Bolutlon-iEemhrane 
interface was the ra te l imit ing step for peiraeation. 
®ie roBultB of onr investigations (vide table 2.25) 
indicate that e lectrolyte permeation gives r i s e to nega-
t ive values for A s'^, sSie valnes of ^ S ^ show a similar 
behaviour for different e lec t ro ly tes . I t i s in general 
found that as the velenoe of the individual ion i s increased* 
the decreace in the valines of ^ S^ i s enhanced, fim nega--
d 
t ive values of ^QT, thereforst as suggested by Bhuller e t 
a l . (29) indicate e lect rolyte permeation vi th p a r t i a l 
immobilisation in the membrane* the p a r t i a l immobility 
increasing in the re la t ive mmmer vi th increase in the 
valence of the ions const i tut ing the electrolytes* 
In 9igB, 2.12 and 2.15 the individual ionic d i s t r i -
bution to the property of aqueous ions given by Noyes (50)* 
namely, ^ H j ^ » ^^y^^t "^Sj^. of li"**, Ha*, K* as well as 
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FIG.2.12 PLOTS OFAF''(KCQI/MOL)FORTHE DIFFUSION 
OF VARIOUS ELECTRO LYTES(AT 2 5^ ) AO A I NST 
- A F^y^j f K cal / f^^l^ FOR RESPECTIVE CATIONS 
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FIG.2 I 3 PLOTS OF 6 5 (e u i FOR THE DIFFUSION OF 
VARIOUS ELECTROLYTES (AT 25°Ci AGAINST 
-^^hyd ( KLC\ /Mot ) FOR RESPECT IVE CATIONS 
THROUGH NICKEL CHROMATE MEMBRANE 
lie 
tho»9 of Ba , Oa » % ar* plotted against the eorrea^ 
poadlnu A H ,^ n y and -^  0*^  veltteB tev the diffusion of the 
eleetfolytea tfarougb the menbrane* It i s found that, at 
Xeaetf some formal relationship exiete hetneen these 
thensodj^amic parametere* ^lie pointe to the fact that 
the individual contribution of the ions play a dominant 
role in determining the permeation proeess through the 
membrane* 
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l a an att«oipt to unAei^tand; the meohaniem of 
traxiBport throu^ inorganie preoipitate memliranest in thie 
thesl0t the preparation of a niuaher of memhsranee from 
Tarioua inaoluhle inorganio Buhetances, both parehment 
supported end polTstyrene based* are described* The aeoio 
braziea hmo been uti3i.sed» as models» to examine the Tali* 
dit:r of Tariotifi reeentXy developed theories of membrane 
potential end biionie potential based on the principles of 
irreversible pi^c^ae^* fhe thesis han been art i f i c ia l ly 
separated into two parts. 
In Chapter 1 are described the preparation of polys-
tyrene based Btannio arsenate end sine phosphate membranest 
and parchment supported cobalt and nictol ehroaate« mtpric 
orthophosphate, mercuric orthoranadate and manganese sul-
phide membranes« Membrane potentials observed aeroes the 
membranes separating various 1t1 electrolytes at different 
concentrations have been recorded. 9he data have been u t i -
liaed in accordance with the Teorell and Semfeld procedure 
for the evaluation of effective fixed charge density of the 
membranes, ^ e membrane potential values» have been fitted 
in the equations for membrane potential developed recently 
by Xbbatake et a l . and ITagasava et al . to derive various 
parameters governing the membrane phenomena including the 
\ A)^ 
tl}«rmodynantioal2y effective t±x&A charge density s and aleo 
utiXiairedi to exsaine their T&lictity. It was fousi^ that ^ e 
•aluee of the charge deneitiee derived from different 
methods «ere comparahle to those obtained folloiring the 
WB theory, tDheoretieal predictions of the theories of 
Hbhatake et al* trnd Se^mtsm, et a3U «ere home out quite 
satisfactorily tjy our escperiments* Xt has been concluded, 
therefore, that the recently developed theoretical ©Qua-
t ioi^ fire valid for the system and timt the methods i r^ he 
uti l ized for the evaluation of effective fixed charge 
density of th© system under investigation and other ouch 
syet^BS* 
Biionic potentials developed across the iRemhranes 
separating two electrolytes of the same concentration were 
calculated ueing the most recently developed equations for 
e lectric potentials \xy Kosaki et a l . ai>d from the membrane 
potential measurements. !l!he values vere plotted as a 
function of l/C* The experimentally determined values were 
also plotted in the same figure. I t vas found that the 
experimentally determined values follow the theoretloal 
curve: A l i t t l e deviation has been attributed to various 
reasonst most notably to the interaction of ionic species 
with the membranes of low fixed charge capacity. 
In Chapter XX are described the evaluation of diffU* 
'J I 
•loB rate of various 1t1» 2i1 eleotrolytes for thie QGaBure-
n^Bt of Tarlotti psroBiettrB goT«mliig diffusion phenoQenai 
nearly, ffienbrait potontiaX \ t msabrane resistanee B^, and 
the oationio jpotsntial 6 -i- ste* Th9 diffusion ratef) of 
cations have bean oaloulated using the Kettelberger's 
equation based on the simple laws of eleotrolyeis. tiSae 
diffusion rate sequence of cations tlsroui^ the nickel 
ohromate manbrane waB as K^> Ha'*";> Li* and Ba"*"*'> Ca^ '**> 
Kg**^  vhi<^» on the basis of Eisenman-Bherry laodel of 
membrane selectivity point towards the small density of 
charge groups attached to the membrane matrix, ^his was 
in f u n agreament with our results of diarge density deter-
minations. 
Diffusion rate of cations were also evaluated at 
different temperatures. The data were used in accordance 
with the irrheniue type of plot to derive energy of act i -
vation. Absolute reaction rate theory was applied to 
derive various thezuodynamlo parameters l ike 
and A8% i t was interesting to note that A S^ for the 
membrane and various elaetrolsrte pairs were negative and 
that i t increased with increase in the valence of the 
diffusing ion. It has been concluded that the ions are 
diffusing through the pores with the partial immobilization 
in the membrane phase. 
